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PREFACE 



Basic Engineer Equipment Mechanic hae been <iesignec) to provide privates through lance 
ct>rporalfl with a aoiircerof Btxxdy material which will enable them to perform more efficiently 
the duties bf an engineer i^quipment rii^fc^anic, MOS 1341. It diecusees the Marin^Cor^Vs main- 
tmynce flyetem and the care and use of the mechanic^e to6lB^ The c^ourse will instrruct the 
atudMt in the ^ principles of operation of internal-combustion erfgiiiefe^.^oth ^soline and diefifel; 
power trains; and auxilliary equipment and'componentB of 6hflipfiis» frames, attd bodiea, 

' " SOURCE MATERIALS ^ 



TM-00872A-15 

tM'-00873D-15 

TM-00922-15/1 

TM-02550B 

TM-03197B-15 

TM-03285A/03287A-15 

TM-03342A-15 

TM-0407aA-15 

TM-06709A-15 

TM-07075A-15 

TM-07542A-12 ^ 

TM-07542A-35 

TM-2815-15/1 

TM-U275-12/2A 

TM-5-461 

TM-9-208-2 

MOO P 1200.7 

C-5210-iIy-MC 
C-9100-IL, REV 
SL-3-00456A 
SL-3-00456B ' 
NAVMAT P-5100 



Crane-'Shovel^ Crawler-Mounted w/ Attachments (M-^ , Dpc 61 
Cran^-Shovel, Crawler-Mounted MOD 2N v ,M7 62, Jun 63 
Qrader, Road, Motorized, M550-M6 5, 68, w/ch 1, Mar 70 
-^ Truck, Vorklift, Rough-Terrain, RKF'06p , May 62, w/ch 1, Apr 63 
Crane] Wheel- Mounted, M-gO, Nov 66, w/ch 1, Sep 69 
Diesel Engines, MOD 3914/4919 , Aug 64 , 
Torqmatic Transmissions, May 61 , 
Tractor, Wheeled, MRS-100, Dec 64 



Crane, \ ILruck-Mounted, 



iS-tort, Model M315r, Jul 68 



^ Tractor^ rtl%umatlc-Tired,Diesel-^^ Model 7 2- 31 MP , Jul 70 
Supf) I «tT\ ^ 
Loader,. Scoop Type, Full-Tracked JI Case Model MC 1150, 15 Oct 72 
Loader, Scoop Type, jFulUTracked JI Case Model ^C 1150, 15 Oct 72 
In Line 71 Engines, Detroit Diesel^ Maintenance, Oct 72 
Engineer Equipment Preventive Maintenance Indicators, Jun 68 
Engineer Handtools, Feb 66 

Cl^anliTg, Drying, and Abrading Equipment for Cleaning Ordnance 

Material, Jun 60 T 
Military Occupational Specialty Manuar<MOS Manual) ,, 15 Dec 72 

w/ch 1 dtd 15 Aug 73 and ch 2 dtd 15 Feb 74 *" 
MetiBurlng Tools, Jul 72 
Lubricants^ Oils^ and Waxes , Dec 71 
Toolkit, Mechanics, General, Dec 71 
Tool Set, General , May 72 vf /dhl ^ 
^ Safety Precautions for Shore Activities , Mar 70 

ABC's of Hand Tools , General Motors Corporation, 1945 
» Terex Maintenance Manual for 82-30M Crawler-Tractor, The 

Service Department* Ter^x, Division ofyGetreral Motors, Hudson, 
, Ohio. Apr 66 
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' , Chaj)ter I . ^ 

THE MECHArslIG.AND HIS TOOUS ' 4 ^ . 

' Section. I. THE'MECHATiIC 

You, the engineer equipment m'^chjinlc, are responsibly for performlrfg the maintenance 
nc^ce^ps^ry to keep the equipw^nt of yj^ur unU in a l^igh state of readiness. When you ar^ s^ck, 
you report to sick bay and the doctor treats you, but a machine cannot repprt tb you for repair, 
it mjist depend on you q^nd the operattxr fonr4lB proper care. * * 

■; . . ■ ^ ' ' r ^ 

/ The equipment officer or chief will assign^you where needed to assist In accompU^^fhing the 
mission or balance the workload. You may be reijulred to assist the equipment operators of your 
unit In the performance of their duties. Or you may be attached .to other units to provide mainte- 
nance support. - • » » ^ . - 

1-2. 13UTIES AND TASKS r " * 

Afi an engineer equipment mechanic you* wlU perform the duties and tasks outlined in 'the ^ 
MOS description in Appendix I. > The degree of. supervision you rje€§ive whllG/Herformlng these^; 
duties Is depenijent on your rank and. experience/ For example, as asPFC, you will per^'orm ; 
preventfye maintenance under- general supervision t>ut when performing major rQj3airs you will 

be closely supervised. 

» ■ • .. 

1-3. QUALIFICATION REQUIREMENT^i'^ . , 

a 'There are "^fourteen qualifi'c$itlon re)3[ulrep&ents for E-4 and E*-^^ and ten for El-3 and below • 
as Outlined \n Appendix 1. All qualification, Requirements are hot covered in this course. Check 
MCil course offerings irvthe'related subjects such as supply, camouflage, decontamination, ar\d 
engineer equipment operator. ^ . 

1-4. POSSIBLE ASSIGNMENTS 

There are many units of the Marine Corps that require engineer equipment mechanics, 
there srre five typi6al.T/0 billets to which you may be assi^ped. For examplW^^r T/O billet 
assignment cd^ld be as an engineer equipment mechanic, efc|ulpment mechanic, qhop mechanic, 
automotive mechanic, and engineer equipment meclic^nlc foreman in a force service regiment, 
division service battalion, division engineer battalion or shore party battfl^ion. The Marine air 
wing ^Iso has engineer eq^^ipment mechanics in the Marine air base squadrons (MABS), wing 
equipment rep'a\r squadron (WERS) or Marinip air Control squadrons (MACS). 

• ' Section Jt HANDTOOLS 

1-5. MECHANIC'S TOOL? ^ ^ 

a. General^ The quality of your wqrk ^depends on W type and condition of yoyr tpols and how 
you use them/ A tool m^ be used to perform many jobs, but the proper tool^ill enable you to 
da the job quickly and^safely. Tools are ipultlpUei^ of your strength--they allow you to do a job 
more quickly, with less effort, and with more' precision. See the booklet ABC's of Hanei Tools ' 
for discussion of th^ more common handtools. ^ 1l 

b. Toolkit, m echani^s><generjl). You will be^lssu^d a toalj|[t which you will required to , 
care for and maihtain ih good^^usablfe. and coniplete condltlon.Ml padlock is furnished -for security 

•* of.the tools. Each lock, usually Has two keys; one key should be placed in a sailed and marked 
. envelope and kept in the company safe; equipment office, or in thfe supply office. This will 
eliminate the need for destfpying the lo<?k should you lose ydut key. ^TalHp \ below shows an 
extrac^t of SL-»-00456A which is a list of the tools contsilned In t^e kit mentioned above. 



f. Mi scellsfrieous, There are other sfets and kits used in the malnten^nce^of Marine Co^ps 
equipment which are/slmilar to the general mechanic's toolkit. The unit T/E «ill list the set 
youi' unit rates and. supply personnel ^wlU a33i8t you In obtaining, the proper one. . ' 

j'k'EXT COflTINfUES ONlpAGf; 1-7) • '* ' 
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Table 1-1 ; Toolkit, Mechanics (general) 

M»rlii» Corp« Stock )Ut»t 




!UeO-6o6^3566 TO<jfL KtP, MECHAHICS (t#n»r.l) 



PUNCTIONAI. MSCRjrtlONl 



Automotlvo rieohtnlo «. authorlz«,d by ^0^8. Trtotor lUpalxw; fciy RtpSlVn; 
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.n«er 

or 
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STOCK mJNICR 

■* 


i 
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5160-606-3566 




TOOL KIT, MKCHA^IICS {g«r1«r*i) 

SmiY SYSTia lESPONSIilUTY 


KT 






" / 




2 


5120-254-1389 




BAR, PRYi 15-1/2 in* 1«, 17/32 In. stk 
dia; PS 000-B-lOl 


BA 


1 








3 


5120-223-6986 
« 




BIT, SCRBWDRlVBRl fl tlpj. 47/S4 In. 
ftol «hk; 1/2 In. sq drp 1-3/4 in. Ig; 

\Ps ooa-w-641 . 


BA 


1 




^ / 




4 


8020-597-5301 




BRUSH, PADfT: oval; hog bi'latle; W 
chlBjl edge, 1 In. dla, 5/8 In. thk, 
2-1/8 in. Ig; F3 H-B:-oft9li 


EA 


1 


7 






5 


51lO-222-21|^ 


CHISKL, CAPB, HAHDi 3/3 In. w Out; 
P»-<MO-C-3i3 


V 

EA 


1 








6 


5IIO-I86-7IO7 




CHISElJ cold, HAND: 1/2 In w out, 5-3/4 
In. 1«; PS 0<JO-C-313 


BA 


1 








7 


5120-494-1889 




CLAMI^ PLIBR: 3rl/a In. w Jaw, 8 in. 

la; PS ooa-c-oo4o6v. 


EA 


1 








8 


S 1 ?o - ?4'R -7 




KXTHNSION, SOCKKT WRENCHt 1/2 Irt. aq 
ond, 5 in. Ig; I's CkW-W-641 
• 


BA 


1 








^ 9 


5l2Q-227"8p74 ' 




'extension, SOCKKT WRENCH: 1/2 In. ftq 
end, 10 In. Ig; PS QOO-W-641 


EA 


1 




- 




10 


5210-250-6245 
. 1 




QAOS, IHICKNESS! I blada gr; Sngliah 
sys; atr bladaa; 16 bladaa^ ir3/4 
In, Ig, 1/4 In. H/at tip; w/Wada 
look; thloknaaaaa, O.OlO In., 0, "012 
- In., 0.013 In.. 0.0^5 In., O.OI6 lOi, 
0.017 In., 0.018 In., 0.020 In.,.' 

^ 0^022 in.. 0.0^4 in., O.025 In.V 0.026 
in., 0.028 In., 0.030 in., 0.032 in., 
0.035 in. ? V ' 


SB 

/ 


1 




' t 




11 


5210-223-9191 

1 


S 


OAOE, THIOKHBSSi 1 bla<l« gr; EngXlah 
ayg; atr bladaa; 26 bladaa. 3 in. Ig, 
1/2 In. w/at tip; w/blada look; thlok- 
nasaaa, O.OO15 In.. 0.002 In., 0.003 
Ijfi., 0.004 In., 0,005 In., 0.006 li.' 
0,007 in.. 0.008 In.. o.qo9 in>, oipio 
in^, O.OU in., 0.012 In*. O4OI3 l*, 
0.014 In,. 0.015 In.^ 0,016 In., O.OI7 
,ln., 0.018 In., 0.020 In^. 0.022 in., 
0.024ln,, 0*025 in., 0.028 in., O.030 
in., 0.032 in., 0.035 In., 


SB 


1 

1 


1 


/ 


♦ 

V 




♦ 

• 




^ 1-2 
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Table l-l-rcontd 

M*rM» Corpg Stock Lift ' 



iTfM 
NO 



12 

13 
l** 
15 
16* 

17 

18 

19 

20 



21 
22 

23 
2'» 

25 
/ 

26 
f 2?" 

29 



J 

STOCK NUHBEK 



5120'2'*3-2985 
5120«2^2J3913 
5120^2ai|-'*082 
5120-230-6361 

5120-236-7590 

5120-230-6385 

5120-2^41-31't2 
5120 1^595 -92'*'* 



^'♦Ol 
•5398 
^SO^* 
7^10 
5292 
•5392 
■5300^ 
T'^ll 
4659 
527^* 
5390 



5120-198- 
51^-198- 
5r20-224- 
9120«2'*2- 
5120-2'*O' 
5120«lQa- 
5120-.2'»0. 
5120-2'*2' 
5120 -.224- 
5120-240- 
5^20-198- 

5120-221-1536 
5120-293-1039 

123 004560 00 
5340-582-2742 

5120-247-5177 
5120-528-2265 

511<^239-8253 
5JL 20-540-2464 
5120-27a-0352 



9£F K)IO 



US^F COMfOlfiHTS 



ITEM lOENTtFlCATIOM 



. 5 
UNIT 
OF 
NEAS 



41AMHER, HAND: l/2 lb; 1-1/4 In. dla> 
: plotc facoj FS (KW-H-3^ 

HAMMER, HAND: maohlnlot'a; balX-peon) 
.FS OOO-H-86 . 

Weli^ht of Head joz) " 



\8 
12 



HANDLEj^ SOCKOT WRENCH: brace typfij^ 
spo 

. aoG 



spoe^eri 1/2 In. dr, 18 Ig; PS 
~ - W-641 



HANDLE, SOCKKT WRENCH: hinged type; 
flox;.l/2 In. dr, I8 In. Igj PS QQG- 
W-641- 

HANDLE, SOCKET WRENCH: rtc type; »ev; 
1/2 In.dr, 9-1/2 In. Ig; FS aoG-W- 
641 

' r ^ 
HANDLE, SOCKET WRENCH: alldlng-T-type; 
1/2 m. dr^ 11 In. Ig; FS QQQ-W-6'41 

KEY SET, SOCKET HEAD SCREW: L type 
hdl; hex dr; w/roll; FS OQO-K-275; 
C/0 



Size acrosB Flatsfln*) 

— ' — "05 — 

1/16 
5/61 

If ■ 

5/16 
3/8 



Arm Length (In.' ] 



n Length 
1 -2173s 

1- 7/B 

2 - 

2- 1/1 
2-1/2 

2- 3/1 

3 ■ 

3- 1/1. 



KNIFE, Pirrry: flex.; 1-1/4 In. w/l)iadei 

Fg oao-K-48i 

LIPTKR-SCRAPERj^ BATTfiRY TERMINAL: 
16-1/^' In, Ig. j 

MARINE CORPS STOCK LIST: Components 
Llat, 3L-3-OO456A dtd August 1968 

PADLOCK: pin tumbler type mech w/dead 
bolt 1kg construction; brz or bra: 
It-i/B Inr w, "1-1^6 in. h- MS 35647 

PLIERS: Ig rd ridoe; w/cuttor; 6 In. Ig; 
,F3 aaO-P-471 

PLIERS, BRAKE REPAIR s t/tV. spg; 12 In. 
Ig.; 1>S (*00-P-480 

PLIERS, DIAGONAL CtrTTINO: 6 In. Ig; 
FS QOG-F-471b 

PLIERS,, SUP JOINT: angle nose; mult 
hole; 5 In. Ig; FS GaG-P-471. 

PLIERS, SUP JOINT: angel nose; mult 
tongv« and groove; 10 In. Ig; FS GGG- 
,P-471 



1-3. 








EA 


1 






EA^ 




EA 


1^^ 


lEA 


1 



EA 
EA 

SE 

EA 
EA 
£A- 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 

EA 
EA 

EA 

J' 
EA 

I EA 
EA 

EA 
EA 
EA 



\ 



1 
1 

X 
1 
1 
1 
1 
1 
1 
1 
• 1 
1 

1 
1 
1 
1 

1 
1 
1 

''1 
1 



— tg — - 

KECKJCep SET 
FSN r 



9 

INSTALLED 
ITEMS 



7 ■ ■ ', 



1»f 




Table l-l--contd 



M>riin# CQrp» $tock Lift 



IIST OF COMPONINTS 



T 



ITtH 
NO 



STOCK NUMBER 



KEF mio 

FIO-KEY 



ITEM IDENTIFICATION 



UNIT 
OF 
NEAS 



I^EO 

IN 
UNIT 





FUIL UT 
(iOXCO) 

FSN 



NCOgCCO lET 
(lOXED) 

FSN 



INSTAUCO 
ITBtS 



30/ 
31 
32 



.33 

K 

35 
36 



37M 

38 

39 

no 
ni 



U2 



^3 



^5 

H7 



50 

59 



5120-223-7396 
5120 -.699-3569 



5120-212-^966 
.5 120-2^*0-6083 

5120-273-0001 

5inp-5?n-2860 



51,20-210-8716 
^120-231-8913 
51'^-231-8912 
1l20r 221 -7375 
5I2O-W8-I273 

5120-236^2110 
5120-227-73^6 

5120-278-1283 

5I20-I80-IOI8 
5120-180-1019 
5120-180-1020 



5120-189-7924 
5120-237-0981 
51*20-189-7932 
5120-189-7916 
5120-189-79^7 
5120-189-7985 
5120-189-7933 
5120-189-793* 
5120-189-7935 
$1^-189-7927 
5120-189-7917 
5120-277-1165 



PLIKRS, SLIP JOINT: «slr noaoi comb, w/ 
-.- cutter; 6 In. Ig; FS OtlO-P'A7l 



pfkiLER:' bat. term.; 
ad J; 3/'* Irt. to 1-1 



ip and ior typo; 
In. Jaw oap. 



PUNCH, DRIVE PIN: otr type; rd pt; 12 
In* Ig, 1 In. dl«. 

^ PUNCH, DRIVE PIN: ^^atr type; rd pt; 

PS OGa-p-831 * 
Length of" Diameter of 



point 



> ^n»-) Polnt^n.) 



1/1 
I 

3/6 



Spoclfloatlon 
SlzoNo. 

— 3 — 
7 
9 



ROOL, TOOty f/olec^nd ^l^n wrenches; 
leatherette; .11 pockets 

SCREWDRIVER, CROSS TIP: Phillips tip; 

plate hdl; PS 000-3-121 
Over-all Length of 
Lengthen » ) Bladej In , ) Sl^e of Tip 



7-1/2 

10-1/8 

12-5/B 



' 1 

^ 6 
8 



T 

2 

3 
1 



SCREWDRIVER, FLAT TIP: jplatc hdlj 
1-3/1 In. Ig- blade, 5/16 In. w tlp> 
FS aaO-S-1 21^.. 

SCREWDRIVER, PLAT TIPi plate hdl; 2 In. 
Ig blade, 1/8 In. w tip; PS aOa-S-l21o 

SCREWDRIVER, PLAT TIP: plate hdl; 6 In. 
Ig blade, 3A6 In. w <tlp; PS OOO-S- 
121c 

SCREWDRIVER, PLAT TIP: plate hdl; w/ 
wrench grip; 6 In* Ig blade; 5/16 In. 
w tip; PS O.OO-S-121 

Rocket, ^CKET wrench:- ^1/2 in. aq dr; 
\ 8 pt oj?ng; PS OOO-W-611 

;t5(ifrt) ' Slige of ^enlng 



EA 



EA 



EA 



SA 
EA 
EA 
EA 



EA 
EA 
EA 
EA 
EA 

£A 
EA 

EA 



\ 1^9/16 

\l-3/1 



ITT 

9A6 

5/8 



dr; ^ 



SOOKEl!. SOCKET WRENCH: 1/2 In. aq dr; 

12 pt opngj PS abo-w-6ii 

Size of Opening (i n.) 
77 16 * . " 




EA 
EA 
EA 



EA 
BA 
EA 
BA 
EA 
BA 
EA 
BA 
BA 
EA 
EA 
EA 
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J>i ^rtn< Corp» Stock Lif t 



IIST OF COMPONENTS 



60 
61 
62- 

n 



67 
68 

65, 



73 



7'* 

76 



81 
62 
83 

6k 
85 



86 



89 




STOCK MMMR 



5120 
3X20 
5120 
5120 
5120 
5120 
5120 
5120 



.2^5-58' 
•253-73^6 
.2'*3-73U5 
•243-73'*2 
•2i*3r73'*3 
•243-73^ 
•2ii3-73'*l 
•2'*3-7339 



-611-752 



5l'»i0-315^^5B 



5i;2fb-269-797i 
siao-aa^i-si^B 

5120-^'* -Sl^'* 

Siso-ae'i-BisS 



5120-228-9503 
5120-228-9504 
5120-228-9505 



5120-228-9506 
5120-226-9507' 
5120-226-9506 
5x20-228-9509 
5x20-228-9510 

5120-228-9511 
5120-226-95x2 

5120-795-0895 
5120-264-3796 



5120-277-2342 
5120-293-1328 
5120-293-2134 
5120-293-2111 




\jm IDENTIFICATION 



SOCI^^ SOCKET WRENCKl d Btylo; l/2 In, 
drj 12 pt opng; PS aoO-W-64l • » 
Sig» or^Ogenlng(in* ) 

iiA^. 
. i3yi6 

15A^. 

1-1/X6 
1-1/0 

TERMINAL CLAMP SPREADER, REAMER. P6'ST 
CLEANER: bat; pllcr type; 7-1/2 In. 
Ig 

TOOL BOX, PORTABLES Si removable 
tray; 22 In. Ig, 8 In. w, 9 In. h; FS 

(WO.T-558 , ^ 

IWIVER3AL JOINT, SOCKET WRENCH? 1/2 In. 
aq end; P3 aaO-W-64l^ 

WRENCH^ BOX: dbl offset; dbl hd; hex or 
12 pt opng; 3/B In. and l/Xd in^ opngo; 
4-3/4 In. Ig; FS OOQ-W-636 

WRENCH, BOX: dbl offset; dbl hd; 12 pt 
1/2 In. and 3/\^ In. opngs; 5-1/2 In. 
Ig; PS OOO-W-636 

WRENCH, BOX: dbl offset; dbl hd; 12 pt 
5/8 In. and 3/4 In* opngs; 6-1/4 In. 
Igj FS aaa-W-636 

WRENCH, BOX AND OPEN END, COMBINATION: 
15 dag offaat; of box opng; 15 deg angle 
of op•n^fttd;^hax or 12 pt opng; -ea end 
IdantAWr^^taf FS aOO-W-636a 
Length Size of Opehlngjln J 

4-3A* : )> ' 3/18 
5 7A6 

WRENCH^ BOX AND OPEN END, COMBINATION: 
15 dag off aat of box opng; 15 dag angle 



of open and;- 12 pt opng; aa,and Idantl- 
• cal ai«a; FS (WOt-w-636a 
Lan ^th^lnJ 31»a of Opening (In J 



\ 



i4/L6 



WRENCH, CROWFOOT: MIL-W-4oi45(QMC) 

o 

WRENCH, OPEN END, ADJUSTABLE! sgla hd; 
0 to 1*322 In* Jaw opng cap,; 12 In 
Igj FS OOa-W-631a 

WRENCH, OPEM END, FlXXPt dbl hd; 15 dag 
angle of hd ea and) FS 0oa-W-636A 

Langth/ln.) Site of Opening tint) 
— Tl-ITB " 3/15 and t/16 

5-3/8 1/2 and 19/32 

6 ri^ 9/1^ wid 11/16 

7-3/^ 5/B emd 25/32 
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UNIT 
.OF 
NEAS 



SA 
SA 

E* 
EA 
EA 
BA 

EA, 

EA 
EA 

EA 

EA 

EA 
EA 



EA 
EA 
BA 



EA 
EA 
BA 
BA 
BA 
BA 
EA 

EA 

EA 



EA 
BA 
EA 
BA 



, % 

QTY. 

U8C0 

IN 
UNIT 



y 

FULL SET 
(BOXED) 



tEDUCeO SET 
(OOXED) 

F8N 



INSTAUEO 
ITEMS 



ERJC 



10 



/ 



/ 
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Table l-l--Gontd 

M»rift« Corp» Stock L\»t 



i\ST OF COMPONENTS 



I 

HO 



90 
91 
92 

p 

99 



100 



101 



102 



J 

STOCK mmtn 



5120«277-34li* 

5120-277-8310 
5120-277-3308 
5120-277-6309 

5120-B77-6311 
5120-277-8312 

5120-277-8313 
5120-277-6315 

5120-293-1^^9 
5120. •277-1*86 



5120-'49'»y910 
5120-49^-1911 

5120-4^9-8200 
5120-2U3-7332 

5l20-ie'4-8384 

'5120-184-8397 



5120-227-8107 
5120-243-1693 
5120-273-9205 

5120-240-536^ 

t 

5120-241-3143 
5120-240-5396 

5120-237-4969 



5120-232-5711 
5120-227-6702 
5120-227-6703 
5120*237-0977 
5120-S27-6704 
5120-237-4973 
5120-232-5706 
5120-227-6705 

5120-224-9215 



Hf HSU 



ITrt lOENTIFlCATION 



VTRENCH^ OPEN E^, PIXKD: dbl hd; FS 
B0O-W-636ft 

Slro of 15^' Siza of 60^ 



L»ngth(lnjJ| 

^ 3-1/2 
- 3-1/2 



Ea4 Opening Bnd Opening 



7A6. 



1/C 

9/52 
5/16 

7A<5 



T." 



vmENCH, mfis 'adj Jawj 1/2 In. to 1-1/2 
^In. IPS; PS (KlO-W-651 ■ 

.WRENCH^ MilER: xsurved Jawi w/wlre cut- 

taf; 7rin. Ig; PS aoo-P-471 
t . 
WRENftH, PLIER: curved Jaw; w/wlre cut-* 

ter; 8-1/2' In. Ig; PS OOO-P-471 

WRENCH SET, SOCKET: tf/caoe; C/o 

BIT, SCREWDRIVER! Il/l6 In. w, f 1 tip; 
3/B In. sq- dr; 1-1/4* 1^1. 1«;FS 000 
. W-641 . 



iROWOOT ATTACHMENT. SOCKET WRENCH ! 
3/8 In. dr opng; 1/2 In. wrench opng 
PS aOQ-W-64l 



CROWFOOT ATTACHMENT, /SOCKET WRBNCHi 
3/8 In. dr opng: 9fl6rln. wrench 
opng; PS a00-W-64r 



EXTENSION, SOCKET WRENCH: 3/B In, aq 
end; PS OOO-W-641 



. ?8 

HANDLE, SOCKET WRENCH: . rto type; rev; 
3/B In. dr; 6 In. lg|' FS aoo-w-64l 

HANDLE, SOCKET WRENCH: sllolng-T-type 
3/B In. dr; 7 In. Ig; IS 0<10-W-641 ' 

HANDLE, SOCKET WRENCHt hlnged-fX^x-" 
type; 3/B In. dr; 8-1/2 In. lg;''j*S 
(Kia-W-541 % ^ . . 

iL SOCKET WRENCH: b race -ape eder- 
*^78*l 3/8 In. dr; 16 In. Ig; PS 000-^ 
W-B41 . - ' 

SOCKET, SOCKET WRENCH: 3/8 Ih. dJC*; 
12 pt opng; PS 000-W-6l{l. 



UNIT 
OF 
ICA8 



RA 
KA 
KA 
BA 
BA 
KA 
EA 
BA 
EA 

?A 

BA 

BA 

EA 
EA 

BA 

BA 



Size fin J 
5/I0 " 
3/8 
7/16 
1/2 

?&6 



UlftvBRSAL JOINT, SOCKET WRENCH: --a/B 
In. aq end; FS OOa-W-64l 
I 
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KA 
BA 
EA 

BA 

eJI'*^ 

EA 
EA 



EA 

EA 

EA 

BA 

BA 

BA 

EA,. 

EA 



e 

UMIT 



1 

\ 
\ 

1 



1 
1 
1 

> 1' 



y 

(lOXEO) 



f . 



REMaP KT 
(MXtO) 

FIN 



1 „ 



A- 



INfTALLIO 



\ f. 



^VA OOVBRNMENT PRINTIKO OPPICB: ItTO-HS-OM/SHM 

II 

• I 
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--SPECIAL TQOLS AND EQUTPlOlENT^ • ' * 

Th6iools Issued iri'the general mechanic's toolkit are insufficient to perform all the service? 
and maintenance on all of the items of equipment; tools .such as taps and dies, lubricating equip- 
ment, and special turteu^ tools are requfred-'to supplement the toolkit. These 8pecia4 handtools 
and equipment are usually kept on a malnlenfince truck or Jn a storeroom near the equipment park 
or maintenance area. The cost of these tools, frequency of use, and the a^frage siTie and weight ' 
prohibit their inclusion in the general mechanic 'sXoolkit. - ; . 

, - " *. 

a. Lubricating and s ervicing equipment. In addition to the toolkit you will need equipment 
such as a grease gun, oil nveasure, can spouts^ oiler, and, wrenches for removing ahd replacing 
plugs and fittings. ' ' . 

(1) Lubricators (fig l-i),* A hand lever pres^^ure lubricator pumps chassis Ixibe (grqase) 
through a'^rease fitting into the part to be lubricated. The coupler may be-att^ched to 
a r igid pipe or a flexible hose. The coupleV has three^etal jaWs which require frequent^ 
c\d^0ffig and inspection wear; when worn, the grease yfiW escape between the fitting 
and the coupler. Some coupler jaws can be reyersed when one end becomes worn. The 
head and hand,lev6r screw off the gun for refilling. The gun*can be partially filled by 
holding the open (head) end in the grease and pulling the hand7%; this^will draw the grease 
into the guh.^ The 'handle has a lOck position to hpld the spring tension while completing 
the filling by hand. The hand lever gun will hold apj)rbxlm«tely 1 pound of general pur- 
pose (GAAl grease. The tank-type lubVicator pum>$ gear oil (GQ) into geareases and 
housings. The lubricant is pumped through a flexible hose to a tip that Is threaded to 
screw into lubrication holes or into couplers which connect with a fitting. The top is 
removed for filling the gun. It will fioW approximately 5 gallons ofGO. The oil-pressure, 
can is use d to pump engine oi^l '^"^ ^^"^^^^^^^^^^^^^ ^ ' 





30" FITTjtNo I^lll 
- LUiRICi 



FUXIHE HOIE oIL PHEsWe/M 



Fig 1-1. ',Lubricators and fittings. . . 

(2) Measuring cans and spouts (fig 1-2). Oil, water, ^rid-fuel should bc meABu red. Although 
many units operate from estimated quantities, there is spaceson .equipment records for 
the amoupt of oil and fuel used. Many gallons of fuel and oil are wasted and many.hpUrei 

' -/are consumed .by personnel guessing th^ amouht'needed. For exattiple, yoxx will draw too 
much or too little oil into a 5 gallon contfi^iner to fill an engine crankcase th/kt requires - 
only 1 gallon. The eiccesfi oil will be wasted becau^fc it will he contaminated before It ^^^^ 



\9 
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cap be u$ied. If 3^014 draw too, little, time le wasted because you muat make another tnp. 
Can spout's are available for use with the 5, gallon. e^foeditionary cane, but operators 
and rj^intenance men will spill p*rt pf the C(5ntents Mfaus6 they have lost or failed to 
care i^>r the spouts. , * - 




Fig 1-2. Measuring pans ar^d spouts. 



Wrenchea (fig 1-3). Special wrenches are designed to remove broken grease fittings 
and install ^ew ones. A plug wrench that will fit female square sockets is used to remove 
and install fill, level, and drain plugs, dpbrge Allen wrenches are used for some plugs 
and the large sockets kre used for ^|^^ng w^eel bearings. 




^ Fig 1-3. Special wrenches for servicing equipment. " . 

. Battery service equipment (fig 1-4), A sm^ll hose connected to a nontnetallic container 
ii normally used to fill batteries with wate:R» A battery Jiydrometer is \iae^ to measure 
the specific gravity of the liquid in the batte^^. A small puller Is sometimes needed to 
remove the battery cable clamps from the batt^/y tenninals. Wi^re brushes' anc^ scrapers 
are Used to clean the battery terminal and the cable clanrxps. . 
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aATTIRT TRRHINAI, 
AND SMALL nRAR 
PULLF» 



Fig 1-4. Battery service equipmenf. 

b nMrni t,Hiea61 engine injector tirnlna tool (fig 1-5). To properly tune -up the Detroit diesel 
engine- yrmust adju8t%he valves and cnt^t^e injector timing. There are three txming tools ^ 
wUh different timing dimensions. Befoi^ adjusting the injector timing, check the injector type 
and number and the tool number. "Never use the timing tool as a punch. 

Stud remover. A stud is a round bar with threads on both ends. "^^^^^ ^"[f^fj"!" 

a large" part and a smaller part is attached by a nut screwed on the other end. Removal is usually 
required because the threads for the nut have been damapd or the stud is bent. In ^^^^S^^^^^ 
the stud may be removed with pliers, a pipe wrench, or Wher tool for round objects, but you 
Should be cieful not to damage the new replacement stud. Figure 1-6 illustrates the proper 
mol for removing and ins.talling studs. Keep the^ tool clean and don't let it slip on.the stud and it 



will do little or no damage to the stud. 



f 

Fig. 1-5. 




Injector timing tool.- 



Fig 1-6. Cam -type gUid remover. 



d Threadfne tools (fig 1-7). iTh^re are two different sets of taps and dies: one set is *or 
cut^ng^ 'lt and screw treaas a^d the other set is for cutting pipe threads. A tap cuts internal 
Uireads and I die cuts external threads. The^olt and screw SQt have the tools to cut national 
Tar^ (NO a«d national fine (NF) threads. The NC and NF mean that ^^^^-^ « ^P^/^^T^^^Sr 
of th-ii ads per inch in relation to the bolt or screw diameter. For example an NC bolt 5/8 in in 
diameter will have 11 threads inch while a 5/8 in. NF bolt will have 18 threads per inch A 
borwlth NF threads must have NF threads to scre^ into; it cannot be used with the coarse threes 
w ithout damaging one or possibly both sets of threads. 




I THMAMH* WT WfTH MCTAMOOtA* 
AMVfTAlU MO, pntTOCK, 
WMNCH. «UIDtS AND TAPS , 




•OtT AN» ICtlW TMIIIAPIH* mjWhfTM 



Fig 1-7. ' Pipe and bolt and screw thr'eading sets. 
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e. Pallor^, PuUei'li are designed tdfremove cloge-fitting parts such as bearings, shafts^ 
wheeli^« buHhinga, toid ttheavea. Some piillere will puah or pull and some are specially designed 
tbols used like pry bars. ; ' * 



1 



1) The push and pull puller set contains the components most used by the cnj^inecr equipment 
mechanic. Figure i -8 identifier the components of the set and figure 1-9 Illustrates 
how the compon4»nt8 are combined to pull a bearing cup. Figure 1-9A illustrates the 
removal, and 1-^9^ the installation of a bearing v;up. 




Fig 1-9^ Combination uses of puller set components, 

(2) A special puller / the injector tool (fig 1-10), designed for lemovlng injector units from 
. the Detroit diesjb^ engine, is often discarded by inexperienced mechanics. However, a 
' poll head pry hj^Hvill serve the same purpose. 





NkAO 



Fig 1-10. Tools for removing injectors. 
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Ther^ar« other special puUeVs and special bolts designed for pulling gears and housings. 
. the^bolts require special care; keepthe.threads protected when not 

lightly "when using. Some of the puller bolts have a large head designed to be struck 
with a hammer; use mechani<;al Judgment in the use of force. I^eturn the P"ll«r bolt« 
To their proper storage place when not in use and don't use them as replac^ent parts 
* on t{ie equipment, ^ 

f. Hose ftnd tubing tools. 

(1) Hose With bulk hose and reusable fittings, you can replace or repair most lines on 
■ - Sre«r equipment. Although there are some special tools, they are not discussed in 
this course because you can do the same job with a pocket Knife and your general me - 
'chdnic's tools. The hose is made in several sizes and can be used for low- '"f^^/"'^"'' 
anrhfgh-pre^ure lines: It can be used to replace or splice metal li^es Flexible hose 
helps overcome vibration damages, but it.is easily cut and chafed. 

Tu bing tools. Tube cutters; benders; and flaring tools, are used to ^^P^^^' ^ 
metal low-pr eesure fuel and oil lines. The cutter has two roUers and a cutter whee 
mounted in a lightweight frame ( fig l-lD. The cu^er wheel is attached to - adjusting 
Trew Tubing is cut by placing it between the. cutter wheel and rollers and ad usting the. 
cutteT Wheel to cause a slight p^e^sure on the tubing, floo much pressure wi 1 crush the 
tubing. ) The tool is rotated^ward the open side and the cutter adjusted to^maintain a 
sUghf pressure. Some cuttiSg tool rollers have slots which make it possible to cut Off 
only the'flared portion of a line. Although tybing can be cut with other tools the cutting 
°ool helps Obtain a square cut more quickly with le.s w^te. Bending and Bhaping of the 
Une-is d6oe after it is cut. AU metal lines should have some bends to help absorb the 
vibrktionTand allow for expansion and contraction. To prevent kinking the tubing a 
Cubing be^er similar to iZ one illustra^in figure 1-12 should be used. After he 
tub n| ha* been shaped ahd the fittings i-;;^lled. lines "^fi" "^'''^f ' kT" w «tr a^M 
with the flaring tool (fig 1-13). The tubing must be installed m the die block s raigj^^t 
oi the nire will be offset. It njust extend through the <}ie block- the proper distance^ 



<2) 



the flare ^Ul be too long or too short 
".M-^ — ■ 



CUTTEK 




ADJUST I Ha ^ 
SCKEN 



toiTfl 

NHEEL 
HOLLERS 




Fig 1-11. Tubing cutter and use. 



\ 




Fig 1-12. Coil wire tube bender. 



Fig 1-13. Flaring tool. 



1-7. HOISTING AND PRESSING EQUIPMENT ^ — ^ 

The use of hoisting equipment such as chaiij^ falls, gfiphoists, and jacks is necessary in Uie. 
removal, repair, and replacement of some engineer equipment components. Hoisting equipment 
makes it pQsaible for one man to do a job that might normally require two. Although will require 
more time, hoisting equipment is to be used on any job where raising by hand may result in 
injuries. The equipment la to be used for hoisting and holding until the j^pan be properly blocked. 
It is not used to hold the component while being repaired; do not attempt to^epair an. item while 
it is suspended frgm a hook or supported by a jack . 

a. Jacks . The hand hydraulic jack (fig 1-14) is usually the easiest item of hoisting equipment 
to obtain. The Capacity is stamped on a plate and attached to the jack. A jack is a part of the 
collateral materiel of motor trarlsport vehicles. When placed on a suitable base, the jack .will 
lift most items that require ralsiiig for repairs. The jack was designed to be used in the vertir 
cal position, but by placing the pump on the low sWe it can be used horizontally, Th6 height of 
the jack can be adjusted by turning the threaded screw in or out of the hydraulic piston, • Located 
at the base of the jack near the pump is a valve that coiltrols the return flow of hydraulic oil. 
The handle of the jack serves as a wrench to close the valve and to operate the pui^^p. The jack 
should be checked before each use and cleaned after 'each use. Before returning to storage, 
push the hydraulic pistqn all the way down anH-htrTHhe adjusting screw in to the lowest ^position, 
but do not tigfiten or fjj^ce it. *Keep the screw threads clean and lightly oiled to prevent rust and 
corrosidn. ' 




\ 



Fig 1-14, Hand hydraulic jack. 



b. Griphoist (fig l-i5). This item of equipment is one of the latest pulling and hoisting devices 
used by the Marine Corps, The Griphoist is used primarily to aid in sectlonalizlng Equipment. 
It has a single-line capacity of 3. 300 lb which can be increased with block and tackle and a 4-. 
part line to pull or lift € tons. The Griphoist uses 1/2 in. wli;e rope usually issued in 60-ft 
lengths, but the le;igth is not limited, A pressure of 77 lb is required on the 44 1/4-in. telescopic . 
handle to lift a 3, 300-lb load, One complete stroke of the handle, which closes, to 254n; , will 
move the load 2 3/^ in. It operates on the draw- vise principle and lifting and lowering of the 
|6ad is accomplished by two pairs of steel jaws controlled by ^ hand lev«r. Th^i^ble is held at ' 
all times, w^en loaded, by one pair of jaws. The power stroke lever is k<eyed to the Griphoist 
crankshaft by two* shear pins designed to shear at abopt 6, 600 lb. The shear pins protect the 
Griphoist f/om more serious damage and prevent further lifting or pulling. The load can be* 
released or lowered with broken Shear pine. The item should be cleaned ancj oiled lyefore returning 
to storage. Excessive amounts of oil or grease will not harm the hoist. ' 
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1. Lift or pall lever 

2. Lower or release^ lever 

3. Clutch release lever 

4. Cable bushing 



Fig 1-15. IV^odel T-20 Griphoist. 



c. ChAin l^oist (fig 1-16) 



This is an assembly made up of gears, 
sprQckets. a i^atchet a^jsembly, and chains. Straight spur or worm 
gears can be Used to provide the gear ratip required- to lift the load. 
A continuous qhain turns one sprocket to operate a hoist sprocket 
which raisee wnd lowers the lift chain and hook. The ratchet asseinbly 
assists the re\Herse action of the gears to hold, the load until it can 
be blocked. B^cauBe the chain hoist requires some type of overhead 
fixture, it is seldom used outside the mali>tenance shops. Ttfe 
capacity of the. Assembly is determined by the capacity of the over- 
head structure to which it is attached, the capacity of the lift 
chain and hook, ' and the geac ratio between the operating sprocket 
and the lift sprocket. The lower hook of a chain hoist is usually 
the weakest part of the assembly. The lift' chain and hook should be 
checked prior to each use and the complete assembly including 
overhead stru^re should, be inspected yearly, . ^ 



u^un 




Fig 1-16. Spur gear-type chain hoist. 

d, Pre^m AlthcMgh a press ,ija not usually an organizational maintenance item, one can 
usnally be foupd available at the neare^ maintenance shop.^ A 50- to 100-ton hydraulic press and 
an arbor press are normally set up in the shop; a porta- power (fig 1-17) is usually available for 
jobs away from the shop. The hydraulic press has Thydraulic assembly tnounted at the top of a 
frame and crossmember which supports the work. The hydrAulic assembly is movable from side 
to side but Btiould be used as near the center a? possible, A gage on the hydraulic assembly 
indicates the pressure exerted on the ram. The hydrAuli'c aafiembly works like a'hand hydraulic 
jackr The crossmember is adjustable up and down; H can be raised 6r lowered by cable to the 

' desired height. It ifi beld in po^ition by pins. When using the hydraulic pr^ss, use extreme 
caution to prevefit injury to personnel and damc^ge to the item being repaired. The arbor press 
is a gear and ratchet tjipe unit usually mounted on a bewth. Its size and the limited amount of 
pressure that can be exerted limits its use to small jobs. The porta-power can be used with sotne 

'of the puller set parts to remoVfe and install parts that require a press; it i^pol^table and has a 
capacity of approximately^ 10 tons. There is no gage to indicate the pressure, ^ 
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Section UI. .POyirER t6oLS AND PRECIjS10I»r MJSASURING INSTRUMENTS 



1 - 8 . E LEfe'rR IC A L TOO LS 



^ a. Drill . The drilling machines moiit U0ed engineer equipment mechanicfi are the 1/2- and 
3/4-in. portable cleqtrlc drlMs (fig 1-18). The 1/2-ln. medhjm-»peed electric, drill is ii«ed with ' 
hlgh'tpeedeteel twist drills. It is also usecito turn reamers and hones. The d/4-ij3ch slow-speed 
heaMy-duty electric drill is used with the carijon steHl t^^ist drills. Electric'drills are equipped 
with trfe gear- type* chuck, but can bs changed to tl>e socket-fype ohiick (not shown). They operatfe 
from a llO-volt ac of d.c electrical source, Tj\e si»e of the electrical drill indicates the maxi- 
mum size of the twist drill (bit) that should b^.used. For example, the l/-2-in. drill should not 
be used to bore a hole larger th^in 1/^2 in. in diameter. - , ' 



3/^ hi. fOftTAIU^IU 



1/2 IN. fOmiLl^KIU 




SWITCH 



Figl-^B. Portable electric drills ^hd^gear chuck. 

The sizje "ot twist drillp (fjg I'-lfi!) is designated in three ways: letters. A iq Z; nun^bets f .ta 80; ^ 
>rtcl fractions bf;?^ /nch. The letter sizes' rang'ir from 0. 234 (X)'t6 0. 413 (2); the l^umb^r sizes 
range from O.'^l^'s' (80) to a. 2^8 (1); <he fractlb^^al siees range from l/84th to 1 in. You will-find 
the siz^e of the twisfndx'ill stamped on the isihank unless it has becfn mutilatHd. The three principal 
.parts of a twist«drill ar^ the-ppint. body/ ^nd shank (fig^ 1*1 Twist drills are «(vailable with 
jdlffereht types of .shank atid twp. three, or four flutes. The Mprse taper or straight shank iwist . 
iirlhs with two flutiferf ;a:r^ \he' type normally used by the mechfluiV^. The 3- and 4-flute twist drills 
are used to enlkrge ixoles. The atraight round shank is used with the gear -type^chupk and the* 
Morse, tapered shapk is uspd with the sock*t-*type chuck. To drill a hole^wlth the portable 
electric drill, ceni<cr punth.the material at the location for the h61e. /Select a «traight, Sharp, 
twist drill of .the' proper size (high-speed steel twist drills 'for machined wi^h high rpm; s|}d . ^ 
carbon st^el twist drills far machjlnes with low rpnft). Install the shank into the chuoH; Straight 
round- shank in the geiir-type chuck ahd l\^o.];MXaper shank int6 the socket cMick. ' Tighi<>n the jaws 
of the g^ar-type chualfr firmly oo the drill B^^ffk or -push the tang of the Morse tiiper shanW into 
the slot 6t the sockei chuck. Plug the machine into: the elecfrfcal outlet^ making sure prong plug 
and socket are i;>roperly g/ou|)dsd. Start the drill hf pulling the switch and th^n place the tip of 
th^ twist drill irt the center. punch mark. Use enough pressure to make it'cut.' Figure l-2d shows 
the corrept.ehip curl of a good. Sharp. drill operating at the proper speed With ths correct pressure. 

■* V ' j . ♦ . ■ • ?B 




IIOKil TAPKR SHANK 




Fig 1-19. Twiftt drillfi. 




Fig 1-20. Correct curl of chips. 



When drilling yteel, wrought iron, copper, use oil on the twist drill and the metal; when drill- 
ing brass, keep the drill and metal dry. When the job is- completed, renjove' the drill plug from 
the electrical outlet. (Note: Don't pull on the electrical cord to remove the plug; grasp the plug 
itscftr ) Remove the twist drill from the machine b^/ loosening the^jawfl of the gear- type chuck 
or with a special wedge fOr the socket-type chuck Clean it artrf reptflfce it in the box. Keep twist 
drills separated and don't let the points strike anything. 'Clean the portable electric ^rill and 
return to storage. .lyiaintenance of the : machine -end twicrt drills is limited. |jMachine shops at 
3d and 4th echelon repair sliops are eqiiippetl to sharpen dull or broken twist drills. Y6u should 
cheVk and dean the drill atid check the bj^uehes of .the portable electrjjb drill periodically; check' 
and refill the gearcase 1/2 fuir of ball-yantl;r611^ribeaVing lubricant. 

b. ''Grinders. Thesft are'probably the most u*sed pAvfer tools in a nciaintenanx:^ faciHty. 
" — • ^ 

' 'XD T)ne bench^ mounted electrie» grinder (fig 1-21) should be located centraily^away from 
; flammable materials and work spaces where cleanliness is important. The grinder 
^creates sparks which can cause fires and\:au86s abr&sive duat which would be harmful 
to machined parts. It is an electric motor with the sh^ft «tendedt.througb each end, on 
whi€h an abrasive stone or wire-brush wheel ia mounted; The grinder is equipped with 
a tool rest and guards for the operator's protection.* The motor is designed'to operate 
at° a specified rpm which is usually stamped on a data plate on the motor. Maintenance 
' ®f the motipr is limited to cle/aning and inspecting by orgdriiiational maintenance ^ 
personnel. Major repairs can be accomplished by the utility sectiotiLof engineer* 
nria^ntenance sh^aps. The guards, tool rest, and eye /)rot€^tor8 /can bB rem^^di Jre- ' 
paired, and' replaced by organizational maintenapce^rsonnel. . ' ' ' 



\ 



1 Goggle* with cjear lens covers. 

2. Grinding macl^ne utility with attachments.^ 

3. Eye protector for use over personal specta6'les. 

' ' • I' 

V Fig 1^2i, Bench grinder and r&lated equipment/ ^ 

2) ^ The portable ^Ij^ctric grinder is normally storjed in|the toolroom or on the portable 

electric arc welder 'and is taken to the job for use. It is a lightweight electric motor * 
used to turn ejther afl ajirasive stone or wip^. wheel. liocnated between the^electric 
motor and the abrasive wheel is a gesi^^a^^ which incrlases the outjnit shaft speed. 
The opei:ating rpm. stamped on the machini is not thevrbm of the moto!r, but the rpm qfX 
^ the shaft where the abrasive ston^ is mopnted. .Organizational 'itiialnt^nance of the tool 
is limited to cleaning, ^inspftctiq^, mplacing brv^hes/ and cleaning and repacking the 
geat^case. The portable elec^ri^ grinder is seldoin re{^aired beyond the oi'ganizational 
maintenance lev^l. It is cheaper turn in-Uhe olc^ grinder and order a new one, 

\ ' ^ ^ 

3) Abragive stones . Xfceive much weal^and fear and require close. in^ectii>n, main-^ 
tenance. and fr^quapt ref)lacfement. ' Their should be checked Before eacJa use. 
stone's are'nQilade wVj^ different grades or roughnQs^ such coarse, medium, ati^ 
fine, some are'^alsA numl^^red lite ssMadpCLper; 00, I, etc. They, are designed to & 
used at a specific sp^d. Before installing a stone on the shtfft, check the rpm of tli^ 
shaft and the rpm stapiped on the stone. Don't use a stone on a machine whose rpm vat 

'is higher than that listed on the stone. If t^e stone is worn to l^ss^than 2 3 Its original 
diameter, it should be replaced. In oth^r words/ don't use a B-"fnch stone that hajs worn to 
"^less^han 4 inches... A stbne that is crocked, regardless of ho^V smiill^ should not be used^ 
For those stones that are nicked^ the mechaniq can smooth the face with ^ wheel or 
diantond-point^re'sser. Ttlese dressing fbols are allowed tb resit on th^ tool resf " . 
and are worker against the a»brasive Aone as the grinder is opera^ting. The diamond-^ 
point dressin^ool is an iteni that requires specif care. It appears tab^ai^stra^ght 
punch and ijfea^ly lost; however, the punch- shaped metal has a black diamond 
embedded in one end and is a very expensive item. It is .norrtlally used only on the 
smoother stones used for precision girinding. 



4) A ftpecii^-t/pe grinder is the valve face grinding machine (fig 1-22), which Is found In 
the machinp -^hop. It is a special-purpose machine used only for grinding valve faces 
and steiins. By using a dial indicator and properly ac^usting the machine, precision 
^''^ding can Jbe^ccOmplished* Dt is equipped with two electric motors; on^ turns the 
abrasive stones at high spee^B, the other ^tums the valve and pumps coolant and id rela-. 
tively-slow. The coolant tubc^is adjusted so that the coolant floWfli orfto that portion of the 
valve being ground. /The stones are specially made in many shapes. They are dressed 
prior to eacli use so that th^ correct e^le can\)e maintained. The dressing tool is fitted 
into A fixture and can be mounted on the machine. Only a diamond-point dressing tool id 
used to dress the stoneis for the valve- grinding machine. Organizational maintenance 
of the machine is limited to cleaning, tightening* and replacing stones. Higher echelon 
maintenance personnel can make minor repairs to the electric motors and ordnance 
maintenanft personnel' can make i^inor repairs to cttt^r parts of the machine. 
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Fig 1-22, vVjve f u 
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Valve face grinding machine. 



1-9 PNfiuMAr: 



CompreBBcd air i^ u»ed to provide power for drills, saws, nail drivers, and other pneu- , 
matlc toolB, HeciprocaUng percuseion and rotary vane are the twO gf^eral tvpes of tools. It. 
compari86n to gasoline engine and electric tools, the pneumatic tools are usually easier to 
maintain and operate and ar^ not affected by ovepload.or climatic conditions. However, the size 
of the air hose and the weight of the tool make it un'desirable for some jobs. The life of pneumatic 
\tool8 depends upon proper lubrication. ^ _ 

r ^ 

Impact. wrench (fig 1- The pneumatic impact wrench fs'the rotary vfine-type tool most 
^oftert used by en^eer equipment mechanics. It is used to tighten and loosen nuts ai^d bolts by 
inibaot(hammeriri effect) Vnd rotary motion. The impact unit is synchronized with the rotarry 
Aotor which turns'abqut 690 to 710 rpm. Insufficient air or lack of lubrication will cause a slow / 
xmotAr speed and slow o^rratic impacting. The impact wrench is only one of several rotary 
. vape-type pneumatic^toj^which use th^Tsame type motor. 



< 



OPtlATSflO 

Ltvm 



AIR HOil 

CONIjjpGTION 




Fig 1-23. Impact wrenc^'. 
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b.' Fliveting hammer (t'ig/i>- 24^ Theiriveter is one oX theM eoiprocating perc?usai<MrpneuiTialic 
tools used by maintenance^ersojjnel to fh'iQ^X, remove paint, out j:op8 from oil drums, and for 
other liglit hammering jobs. Although J^e riveter is just as simple and trouble-free as the impact 
wrenrh. it is one of the more darigtiro>rs of the pntjumatic tools. Never^point the riveter jtt anyqiie; 
it is possible for the piston to c;aixi^Kmit with eixough force to injure anyone standing in the Iftie of 
flight Keep the tool clean and Well InKricated and it will provide many hours of useful service. 
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R iveler. 

Line oiler. Connected as close to the tool as pi:actical is a device that 'will hold from 1 
pint to 1 quart of oil. "The Une oiler provides lubr ligation for the too* by dropping oil In with 
the air at a set rate. i 



I -10, PRECISION -M^CASURIN.G INSTRUMKNTS 

■« 

a. -T-6rque wrench <fig 1-25). A nut or bolt will takf only a specific amount of torque before it 
will broak, stretch, or pull the threads. To control the amount of torque, use a torque wrench 
which measures torque in pound-inches or pound-feet, 'dhe amount of torque required will be 
found in the TM for the item of equipment. The amount or torque lor each bolt will not be found 
in th^ TM, "but the critical components are parta^such as c^^Under heads, manifolds, spark plugs 
for some engines, and injectors are listed. For nuts and bolts not listed you niust use your own 
jildgment and learn from experience. After removing broken bolts from the same hole about six- 
times, it should be evident that you are using too much force. The size of a bolt and the number . 
of ^breads pey inch help determine /he attiount of torque it will take. Figure 1-26 lists jthe 
average torque required for different- size bolts and nuts. Like all precision tools, the torque 




Fig 1-25. Torque wrenches. 
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SIZE nUt ' TOKQlJk 
QR BOLT ab-ft) 

blA TPI ] '. 

1/4 - 20 7-9 

1/4 - 28. , ./ . . . d-10 

5/16 - 18. 13-17 

5/16-24 15-19 

3/8 - 16 30-35 

3/8 - 24 35-39 

7/16- 14 f .46-50 



SIZE NUT 

^ OR BOLT 



1/2 - 
1/2» - 



5/B 
5/B 



TPI 

- 20. 
■ 13. 

20 . 



TORQIJE ' 


. SIZE NUT 
OR BOLT 


''X TORQUE^ 

V,/ 


. 57-61 
7N75 
83-93 
90-100 
107-117 
137-147 
168-178 


OlA tPl 
3/4 - ^0\ . 

1 - 14 . . 

~ — — ■ 


* 240-250 

290-300 

410-420 

4>5-485 

580-590 

685-695 


WOTKi Thin ch.rt 1> NOT ior 
. alUMlnua or othar Boft- 



Fig 1-26. Average nut and bolt torque. 



^wreiich must be ktjpi clean and handled careftftly. Clean the tarque wrench with a cloth; don't 
dip It in cleaning solvent. Keep tHe wrench stored^here It vaU not be banged. When using 
the torque wrench^ ''pull on the haAdle at the place designed fc^r that purpose; pulling from | 
any place other than the handle will give ^ou a false reading. Cheok the dial and to 
zei'O before torquing each nut or bolt. Don't use a socket extension unless specified in the 
torque specifications or unleae it la heci^ssary. ^ 

b. Dial indicator (fig 1- 27). This inatrum^Ms'a prl^ision measuring device which has 
0. 001 -in. graduations. It is used to check inside or outside surfaces, flat surfaces, and movement. 
The )jead of a valve or a cylinder bore can be checked for roundness. Clutch surfaces pan b4 
checked for warpc^ge and shafts for end play. 'Iiift-€<peratiog clearance betw/een 'two mashing gears 
can also be checked. For example, by connecting the dial indicator and adapter to the engine 
block, the pulley or other part can be checked for alinement an^3 out-of-round. It is a simple, 
but /delicate, instrument and must be handled with care After use thie iVjstrument is cleaned and 
returned to its storage space, Its^ accuracy can be checked by ordnance maintenance personnel, y 
but it is, usually replaced if found defective* 




Fig 1-27. Dial indicator and sidapters. 



- c. Micrometers (fig 1- 28). These arew precision measuring tools des^ned to accurately 
measure, within 0, 0001 -in. , inside or outside dimensions. They are provided in sets; one set 
contains six micrometers with graduated dimensions of 0-1 in., in\ , 2-3 in. , 3-4 in. , 
4-5 in. , and 5-6 in. and then ther^ are larger sets. The micrometer is used by mechanics 
* psin^arily to check for wear of parts such as shafts and cylinder bores.. The mechanic adjusts 
^^^ytft^ micrometer by hand when checking dimension, and the most accurate readings are usually 
^tained by the more experienced personnel, because the tools are adju$ted by hand, improper 
^he and use can severely damage them. Clamping the caliper (outside) micrometer on an 
object will destroy the tool's accuracy. Some of the outside micrometers have an adjusting 
ratchet which helps prevent damage from overtightening or clamping. Ordnance maintenance 
personnel can check the Accuracy of the/ rlV^^rometer, but the user is limited to cleaning and 
carefully returning the tools to their propeti storage spacfti 





' Caliper micrometer 
0 (outside) 



Inside micrometer 



Fig 1-28. Micrometers. 
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1-11,. SUMMARY I .' . ^. 

The tools that are available to you, the engineer equipment mechAni<j, are adequate for the 
tob.. You must take good ca^^ e of them and use them properly. Each tool w^s designed for a 
ipecific purpose and, if yofi use it in the prescribecT manner, ^ou wiU be more apt to accomplish 
yoar job with a minimum of difficulty. . ' ~ , • 
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Chapter 2 • ' 

' ENGINES 
Section I. ENGINE tl^HAHACTEI^ISTICS 



2-1. GENERAL 



Engines provide power to Operate machinery by converting heat energy Into mecbAnlctfl 
energy. They cUn be grouped int^typea or claaiejp. The engines used In Marine Corps engineer 
equipment will have an ideiltificati^M^^ oH the Vehicle or the engine to help you identify it 
mg2-l). / 



o 




jBingine ideri^lfication plate. 



s 



a. Engine types^ Engines may be typed as external- combustion and internal- combustion 
engiijes. An extern^l-*co;mbustion engine burns fu^l outside tne engine; s^ii example 'is the steam 
engine. The internalrcombustion engine burns fuel withii^ the engine. ^It cr^^ates heat by burning 
the fuel inu combustion chambrep;:it then converts th* heat t,0 mechanical eii^gy. 'Most engines 
in use are the interhal^bombus^fon type. Internal-^ombufttpjn engines arc alii^o grouped as 
gasoline or diesel Engines according to the type of fuel thi|y i|se. jYou, as an engineer equip** 



ment 



mechanic. Will be- required to n^aintain both. 



4 
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"^b. Engine classes . 

cylinder arrangement. 



jAn engine loan be further classified aciording to its: cycle, piston ac^on; 



fuel injection^ 



speed. 



and application. 



(1) 



■ 4 



Operating cycle. lnternal-*comlfustion engines operate on either a 2- or 4-8troke 
cycle. This means' that a piston moves frOm one end ofithe cylinder to the other (top to 
bottom-bottom to top) two or four times for a cylinder to coniplete a cy«ple. When a 
pistbn has moved from one end of the cylinder to the other <up or doWn), it has oompiet«- 
ed one stroke; but only a portioh of the cycle. A cycle is the chain of events that occur 
to get the air and fuel into the cylinder, compres^it, burn it tp produce the pbwer^ and 
then expel the exhaust » ^ The chain of events is tt^Bsinie for all Interm^l-combustion en- 
gines, but' th^ number of strokes required to complete a cycle may be either two pr four. 



<2) 



Pist0ta action l (flg 2-2). 
doibme-acting piston en 



An engine can be classified as single-acting piston e^iglns^ 
tinif piston engine, or oppoaSd piston engine. A singlf-acting piston engine 
usfs oniy one end of the piston <the ^Vown) to receive the f{>yce of the expanding gases. 
A Rouble-acting piston engine uses both ends of the piston receive the f6rc0S. The 
oi^osed piston engine is constructed with two pistons in one cylinder. The engines in 
rlne Corps en|(ineer equipment are single acting piston type^. 
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' Fig 2-2. Piston actions. 



(3) Cylinder ar Range ntent (fig 2-3), -A common engine classification is by* cylinder arrange- 
ment. An engine with the cylinders one behind the other is classified as an in-line en- 
gine. If, when viewed from the end, the cylinders form A V, it is known as a V- 
engine. Some examples of other arrangements are: the slanted engine and the horizontal 

il engine. Most items of engljjeer equipment use the in-line or V arrangement. 




(4) 



(6) 



(6) 



1 



Methodfl of fuel injection . Most gasoline engines use a carburetor to meter and mix the 
fUjBl and air;' however, somo-engines are-being equipoed with solid injection Byst^ms. 
Diesel engines use air injection or solid (mechanical) injection. Marine Corps Engi- 
neer equipment engiJies use either the carburetor or solid injection methoci. , 

Speed , Engines are classified as low, ^edium, or high speed. Maximum governed 
speeds below 350 rpm are low speed; between 350 and 1230 rpm are medium speed; 
above 1250 rpm are high speed. Marine Corps ehgfineer equipment engines are in the 
medium- and high-speed classes, 

Applioationl Engines are classified according to their application. ^ An engine used to 
propel a vehicle is classified as an aut6motive engine. An engiye xx^ed to power sta- 
tionary type equipment such as a ^nerator is classified as an industrial type engine. 
An engine used tb power a boat is classified as a marine engine.. 



2-2. INTERNAL-COMBUSTION ENGINES 



a. Construction. Engine components and parts are "produced from a vrffiety of materials. 
Each piaterial, or combination of mate rials « is selected to provide the desired qualities for a 
particular engine. The materials selected must be workable, durable, and economical; they 
must provide strength and stiffness, and resist weai?, corroeion, and heat expansion. These 
materials are cast (molded) or forged into shape and machined as needed. Some parts or por-v 
tions of a part are specially treated to increase resistance to wear, heat, and shock. For ex- 
ample, tjje crankshaft Is forged and machined, and then the bearing surfaqde are heat-treated 
to Increase life. Piston rings are cast or forged and raacl^ined, and some are chrome plated to 
increase their useful life. Regardless of the type of ihsi^eriai used or the size and shape of the 
finished product, }i rtiust be durable and economical. These parts fall into natural groups: 
structural (stationary) parts, major moving parti^, arrangements and systems, and accessories. 



i\) Structural parts ffig 2-4)., The structural parts support and keep the moving parts 

alined; provide passages, Jackets and chambers; »uppoi^ accessories; and resist forces 
set up by engine operation. The major structural yparts are the engine block, head, 
and cylinders. The cylindeirs ate sometimes cas^ §p p^rt of the 'engine block. 
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Fig 2-4. Striicturfifl ei^ine parts. 
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(a) Engine l^loQk^ The main body of the engine l8 the block which is compoaed of the 
cylinder block and the erankcaae. The engine block may be constructed liji one or 
more pieces^ but most military engineer equipment usee the 1 -piece type. It Is 
cV^t in one piece with passages foi^. water, air, and oil. The materials are usually 
cast-iron alloy, aluminum alloy. Or steel. The surfaces for attaching crankshaft, . 
camshaft, head, and other parts ai^e machined, and some of th<! machined areas are 
specially treated. The upper portiiJn, the area where the. cylinders are locaj^d» is ^ 
called the cylinder block. The cylinder bores, provide chambers for 
burning fuel and to keep the pistons ^illned. They are either cast a«d macMi^ed as a p^rt 
of the cylinder block, or the cyUnder block is cast and iViachined toWeceive wet- or 
dry-type cylinder liners (sleeves), they must resist ^ar and be able to withstand 
high temperatures and pressures. The cyllaAers are ffurronnded by passages for 
liq'uld coolant or by fins for the kir to^pob/They are lubricated to reduce the friction 
betjveen the cylinder wall and the plstpn/^d rlfigs. The cylinders that are cast in the 
block and the wet-type liners are in direct contact with the liquid coolant; the .dry- 
type liner is pressed Into a bore that is surrounded by the coolant. Oil passages are 
cast, drilled, or attached to the engine block to direct the flow of .oil for engintf 
lubrication. The lower portion of the engine block is the crankcase which supports 
the crankshaft and other parts, v 

'fht many passages which are cast, drilled, or machined Ih the engine block have 
openings whl^h are pealed with gaskets, ptugs, and seals. The systems that operate 
within the engine are designed to operate separately; any leakage because of worn or 
broken parts will c^use engine failure, ^ s 

OUpan. Engines are provided with a cover for the lower porflon of the crankcase; 
most engines also utilize this cover for an oil reservoir or sump called an oil pan. 
However, some manufacturers cast the crankcase and oil reservoir of small engines as 
one piece and refer to it as the crankcase or base. The oil pan is cast, fogged, 
stamped, or fabricated from a material that wtll keep out foreign matter and satid- 
fa9torily perform the Job for whiclvit was designed. J 

Cylinder head. The cylinder head is cast and machined from materials similar to 
those uised for the engine block, 1? seals the upper end of the cylinder and supports 
the moving parts. Coolant ind lubricant passages are cast or drilled in the cylinder 
head. These passages match the passages In the engine block and allow the coolant 
and oil to flow without restriction. Although there are^many passages, ports, and 
moving parts on or in the cyllnd<-r head, its primary purpose is to seal one end of the 
cylinder bore and forih the combustion chamber. It must withstand high temperatures 
aqd pressure, and resist warping. 

(2) Moving parts (fig 2-5), Of the many moving parts within and on an engine, only the 
major parts and the parfs that will assist in illustrating basic principles will be dis- 
cussed. 



1« Rockei- arms 

2. 9u8h ro^s ^ 

3. Piston 

4. yalve lifterp 

5. Flywheel 
6: Crankshaft 

7. Con. rod bearing surface ^ 
(Crankarm) <Throw) 



8. Connecting rod 

9. Camshaft 

10. Crankshaft' gear 

11. Camshaft gear 

12. Piston rings 

13. Valves 

14. /Valve springs * 



Fig 2-5. Moving parts of an engine. 



<a) Piston (fig 2-6). This is a movable part located in the cylinder bore which transmits 
the forces of combustion. The pistdh is cast from different alloys, treated to resist * 
wear and heat, and machined to fit the cylinder bore and to receive other parts. The 
shape of the piston crown depends upon engine d^^ign. The primary functions of a 
piston are to transmit the forces qjf combusiioi) and 40 pr^ent the escape of expanding 
gases irpm the combustion chamber. Rings are fitted in the ring grooves machined 
on the piston to help seal the* chamber,- transfer the excess heat^to the Cylinder wall, 
and to scrape excess oil from the cylinder wall. A hole machined through the side of 
the piston provides a point for attaching the connecting' rod. 
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M Fig 2-6. Piston and* QombUi^tioh cbamber. 

jb) Connecting rod and orankehaft. The connecting rod and crankshaft convert ^ecipro- 
catlng (up-and-down) motion into rotary pfiotion. A strong forged and machined bar 
called the connecting rod is att^iched to the piston by a wristpin (piston pin) It 
transmits the up-aiyJ-down motion of the piston the crankshaft and performsAe 
first step in converting the reciprocating motion to usable rotary motion. Tfle con- 
necting rod is usually made of forged alloy steel with machined bearing surfapee - 
at each end; the crankshaft end is usually split for feasy removal and installation, y 
Some connecting rods have a drilled oil. passage from one end to the other. Tbe 
crankshaft which is forged from alloy'^teels completes the conversion of reciprocat- 
^ ing motion to rotary motion. It is treated to withstand shock and torsional (twisting) 
tprces, and the bearing surfaces (journals) are hardened to resist^j^ear. The crank- 
shaft is attached to the.lower sid^ of the engine block at the mairjfa^aring journals which 
keep it in place and alined. The connecting rod is attacned ^ the crankarm (crank- 
pin). Forces transmitted to the crankshaft at this |>oint cause it to i*evblve. Some 
crankshafts have an oil passage drilled from the main beating journal to the connect- " 
ing rod bearing journal. Attacjied- to the crankshaft Is a gear or otner j^art which 
drives other 'eSigine or vehicle components. When the piston is forced down, the 
crankshaft must revolve, and when the crankshaft turns, the piston must move up 
or down. " " ' 

(c) Flywheel , Bolted to the rear of -the crankshaft is the flywheel, a wheel, disk, or 
heavy papt that will provide inertia to turn the crankshaft and other parts when 
there is no power baipg applied by th? piston, "the flywheel tends to smooth engine 
operatton and in some applications it is used as-a clutch facg^ A ring gear is 
pressetl on tO some ^ywheela to aid in starting the engine; a starter pinion engages 

^ the gear and turns the engine for cranking. In some power generators, the generator 
armature serves as the flywh(>el. The weight of the moving jHjrts and the wefght and 
diameter of the flywheel affect acceleration, deceleration, and maximum rpm of an* 
engine, ^ 

"* ( 

(d) Camshaft and timing gears . The camshaft is^ a forged, machined, and treated shaft 
with bearing surfaces and-<:am lobea.' It Is supported the engine block at beafteg 
surfaces and is parallel to the crankshaft. Its primary function is.to open the valves. 
The cam action Of the lobes change rotary motion to reciprocating motion. The loca- 
tion of the lobes controls valve opening. The size and angle of the lobes determine 
how long the valve will remain open. The camshaft,is turned>by gears powered by 
the crankshaft. The number of teeth on the gears determine the crankshaft-camshaft 

J' 
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speed ratio; the'geare are also ntachincd and marked to intjuro prO|,>eivin8tallation 
. and alinemeiVt. Sotti^ engines li86 h gear pnachined the camshaft to drive the oil 
pump and/c^ the distributor* Sorpe have extra cam lobee whig|i operate components 
of th«5 fuel ^stem. *^ • ' ■ ^ i " 

•(e) Valve rpechamism (fig 2-7), The valves and other parts of the valve mechanism open . 
and qlose ports for the intake o/ air or air-fuel mlxiiTre and. for removal of the ex~* ^ 
haudt gases. The valve lifter, which is moved bV the camshaft lobe^'f9rce& tho push ! 
rod which forces" one end of theVock'er arm, 'Which' in turn pivots and fprces the -valve 
' open. As soon as^ the camshaft x^elle^es t\)e pr^ssurb, tlje vaWe spring pulls the 7 
mushroom jioppet valve closed artd gravity or spring tension forces the other part^L 
back to their origli^l pdsition. Theise precision, machined valves mustCbe able to 
withstand the effects of extre^me temperature of combustion and resist wear. The 
valve mephanisms of some engines do not require all the partfe discussed here, bul ' 
they perform the same basic job of opening and closing th'e ports, to tl)e combustion * 

i chamber, Th^j valve arrangement will differ with the different makes and models^ " 
but the three basic arrangements are:* (l) Valve in head, overhead, ^W l-arrangcment, 
(2) valve in Jblock, flat head, or L-arrangement, (3) one v^lve in Jyead^and one valve . 
in block or F-^arrangement, Some 2-stroke-cycle engines use the piston^to open ( 
and close ports ^n the cylindei^ wall and do not Jiave <^alves, . 
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, , ' * Fig 2-7. yajve arrangements. *" ' ' 

b. Principles, There j^re so^e principles that apply to all internal-combustion engines; 
otl^er principles apply ori^ly to the 2- or the 4--3troke -cycle engines.^ All internal-combustion 
engines must have air and Uifil; the air or air-fnel mixture must be com^iressed and ignited. 
Soitiething must transhilt the power of the expandjlng gases and the exhaust gases must be re - • 
moved. Fuel must have oxygen to burn, The^most complete burning of fuel occurs w^en there 
is n.2 to 16. "3 lb of aijr miked with ). lb of*^(a^oline. Cpmpression, temperature, speed of 
engine, and the typ* of fviel 4pterniine' the mort' efficient air-fdel ratio. A heated air-fuel 
mixture wilt ignit^quicker than a cold air-fuel mixture and heat is produced wKfen air is com- - 
pre$sed. To insure ignition at a precise time, i\\e air or. air-fuel mixture' is heate^ by com- 
pression. ^ " « V ^ • . , 

t - ' ' 

(1) Four-stroke cycle (fig 2-8), The 4-stroke cycle refers to the number of tftnes a 

piston must move fuom one end of a cylinder to the other to cbmplete a cycle^ A sti*oke 
^is the movement of a piston from one end of a cylinder to the other, ast>from fbp to { 
bottom or from bottom' to tbp. A cyc^e is thfe chain^of everfts necessary to intake air or 
air-'fuel mixture, to burn and produce the power, knd to prepare a cylinder (or another 
' cyclp. In the 4-8trolcercyple engine^ a cyble is completed in two down and two up 



stVokeh'of 0 piston. ^ The. sequence Is: an lirtake stroke, a con^preasion fetroke. Ignition 
of a fuel^ power stroke, ftnd eXh&Udt stroke. 
- described below. 



The major events and how they occur ^re 



(a) Intake. The intake stroke begins when the piston starts down and the intake valve is 

opened^ As the piston moves down, the pressure is lowered in the combu6,tion chambei 
tind the atmospheric pressure forces a charge of 3lr or air-fuel mixture through the 
intake, ports anci into the cylinder. The crankshaft will turn 180** and pull the piston 
through the Intake stroke. The catnshaft will turn 90** and relieve the pressure and 
allow the intftk?. valve to close. The speed of the downward movement of'*the piston 
'and resistanc^e -to^ the flow of air will affect the volume of air that fills the space 
vaca\ed by the piston. The afr or air-f\iel mixture that do^s ent^r the cylinder is 
trapped when the intake valve closes. 
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Fig 2-8. Ft)ur-stroke-cycle of .a 4-cylinder engine. 



{b\r Compression, If you study figure 2-8 closely, you will note that in multicylinder 

engines, while one cylind^ is on the intake stroke, the other cylinders are performing 
a different stroke. With both valves closed and the piston moving up, the air or air- 
fuel mixture is compressed. JVTien the piston, was at the bottom of the intake stroke 
the cylinder had a maximum volume. It is now being compressed to the smallest 
volume; the ratio of the maxin^um volume to the least volume Is called compression 
Vatio. The compression ratia of an engine detern|*nes the type of fuel that caji be 
uped most economically; it also determined how the fuel will Ije Ignited. (You learned 
earlier that^a hot mixture is easier to i^te than a cold niixture. ) The compression 
stroke is completed when the piston has reached the top and the mixture is ignited. 
Ignition can be by an etectric spark or by heat of comj^ression. The crankshaft has 
now turned one full revolution, but tl\e camshaft has only turned 180°. When the piston 
is at the^.toD on the compression stroke* it is referred to as "top dead center'* (TDC). 

(c) Power. 'The power stroke i^ the only ^movement of the piston that produce^ power in 
a 4-sti:oke-cycle^nglne. It begins when the mixture "is igrjited and expansion of tTie 
burning fuel forces the piston down. The rpixture burns rapidly, but it ctoes not ex- . 
plode. The n!\ixture continues to burn until all of the fuel or oxygen is used or until 
the piston reaches its limit and th^ excess mixture and exhaust gases al^e allowed to 
escape thrpugh the exhaust'port that opens just before the piston reaches the bottom 
of the stroke. You can see now that the air-fuel r?^tio and the opening and closing of 
valves is very important. If the intake yalVe closes too soon or too late^ there M^ill be 
insufficient mixture. If the mixture is improper, there will be a shortage of fuel or 
oxygen, and if thfe exhaust valve opens too soon, you will loose some of'the power- 
producing gases. It should be evident that the crankshaft will turn 180°, 1/2 revolu- 
tion, for each stroke of the 4-8troke -cycle engine. *^For the valves to open and close 
at the proper time', the camshaft xnx^t turn in relation to the crankshaft. The lobes 



are pdiiltjonqd on the camehaft In a mannerj^t will force the properWalve open at 
the proper time If the camehaft -turns at l/!^he crankshaft epeed: tWe crankshaft ^ 
tU'Fns two revolutions Vhlle the cam8h;aft turns one i»evolutlon to cpmplete a cycle. 



<d) ExhauBt ^ The exhaust stroke starts when the piston starts its upward movement with 
the Exhaust valve'Open, The piston forces the burned gases through exhaust port; 
the velocity of the e^^haust is- such thitt w))en the intake valve op^ns^ a small portion 
of the air or air-fuel mixture that enters the cylinder escapes through the e^aust. 
The Intake valve opens Just prior to the end oif the exhaust stroke and the mixture that ^ 
escapes cleans thf remaining exhaust Ijrom th^ cylinder. When the exhaust valve 
closes^ the crankshaft has Completed twp'fifll revolutions an<^ the camshaft has turned 
only one revolution^ The cycle has been completed and th^ntake valve is open and 
ready to start a nev> cycle. , ^ # - 

(2) Two-stroke Qycle» The Basic principles stated in paragraph 2- 2b also apply to the 2- . 
stroke-cycle englrH^^liOw ever, the chiain of ev%nts is completed in one up and one down 
movement pf the plstolti^ 'fhe 2-8tro]ftj cycle can best be understood by comparing it 
to the 4-8troke oyele and explaining the scavenging 8ys|ei7i/ 

(a) Comparison (fig 2-9). On the 4-stroke-cycle engine/ mushroom-type poppet valves 
are used to open and close intake and exhaust ports. On a 2-slroke~cycle engine, 
the valves n^ay or may not be used« but for i&inxpllcity, intake ^rts and exhaust valves 
are used here to describe thct cyclcTlB below. ^ 
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Fig 2-9. Two-stroke cycle. I v 



1. 



2. 



Down stroke . Wl}en the piston starts its down strokd, it is on the power eveilt; 
fuel is burning and producing ROwer. As the piston travels farther down, the ex^ 
haust valve opens and Mlows the^.elxhaust gases to escape. It continues to travel 
down and opens the intake ports. The air or air-fuel mixture has been pressurized 
by another system and^is forced through the open ports. The pressurized air or 
air-fuel mixture forces the remaining, exhaust out before the valve closes* The 
piston ^then cQjiipletes its dowjiward movement* The crankshaft and the camshaft 
have tufned 172 revolution and the |>l6tpn has completed power and exhaui 

r ' J* 

Up stroke^ The pressure through tlie intake ports forces the exhaust gfses up aiA 
out. ^The ^haust valve closes and the pressurized air or air-fuel mixture fills th^ 
cylinder iCTore the piston closes^he ports* 'The.ui)ward movement of the piston . 
now starts the compression; botl^ the exhaust valve and the intake port are closed 
and the piston compx^esseieT the trapped mixture* The piston continues to move to 
the top where the mixture id ignited.lBind the" expanding gases force the piston down, 
starting a new chain of events. The crankshaft and the camshaft have completed 
one full revolution. ^ * ' / 



(b) Scavenging. *In the 2 -stroke cycJle, the piston is traveling in the wrong direction to 
be of any as>3istance during the intake and exhaust events. iSile makes it necessary 
to have some other component to assist-^these operations. Most englneer^equipment 
engines use a Btbwer to pump tM air or air-fueV mixture into the cylinder junder pres- 
sure. The pressurized charge through the intake ports flushes all of the exhaust ^ses 
from the cylinder and provides a fresh charge Tor the next cycle of events^^ On some 
engines the intake air is directed through ^e crankcase and the lower part of the pis- 
ton acts as a pump to pressurize the mixture and force it through the Intake ports^ 
The portjB are specially drilled and machined to insure the proper time of opening and 
to direct the flow at air into the cylinder in such a manner that it will sweep out the 
exhaust and continue a swirling motion t6 tnixjkhe air-fuel mixture. The direction of 



the air Is very Important in 2- stroke -cycle engines that use both an intake and an ex- 
haust port; they are located along the cylinder wall and the removal of the exhaust 
from the upper portion of th*- cylinder is difficult, 

(c) Summary. The same basic principles have again been used to produce the |>ower 
desire^. While the 4-8troke-cycle engine yx^es two up and two down piston move- 
ments, two crankshaft and one camshaft revoUttion, the 2-3troke -cycle engine uses 
only one up one down movement of the piston/ one crankshaft and camshaft revolu- 
tion to complete th^ cycle of events for all cylinders/ The 2- stroke -cycle engine 
produces a power stroke with each dqwn 3trok^ of each piston, while the 4-8troke- 
cycle engine produces only on^ "power stroke out of two down strokes* The two en- 
gines may operate on different cycles, but the basic principles have remained the 
same^ They both produce power by burning a combustible mixture within a closed 
chamberT6>roduce heat eriergy that is converted to mechanical energy, 

^ Section H, GASOLINE AND DIESEL ENGINES 
2-3. GASOLINE ENGINE SYSTEMS . -\ j . 

An engine must have a method of dissipating excess heat, a method of lubricating the 
moving parts, a method of getting fuel and air into the combustion chamber, and a method 6f • 
Ifeniting th^ fuel-afr mixture. Each manufacturer uses the systems that he thinkB are best for 
a particulaV^application. - ^ •* 

a. Fuel system (fig 2-10), In the gasoline engine, the fuel is mixed with the air before it 
enters the combustion chanjber. 
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Fig 2-10. Schematic of the gasoline fuel systems, 

Fuel tank and lines > A tank made of A corrosion- resistant metal is mounted on the , 
engine or the vehicle. The tank contains baffle plates t^revent excessive sloshing of th 
gasoline. Some fuel tanks are equipped with a fuel gage to indicate the amount of fuel 
in the tank atiany given time. Fuel is carried from the tank to the carburetor through 
metal tubes, ICareas where vibration would damage metal tubing. * flexible hose is 
used, ^ 

Fuel filters and strainers . An engine m&y be equipped with a fuel strainer or a fuel 
^ntpr or with both. The fuel stralnei^when ui9ed. Is normally Installed between the 
fuel tank and the fuel pump. A filter Is usually Installed between the fuel pump and 
the carburetor (fig 2-10). r , ► 
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(3) Fu e l jji m y4flg 2-U). If the fuel supply tank is too loW fdr the fuel to flow by gravity 
with sufficient pressure to the ^carburetor, a fuel pump is used to draw the fuel from the 
tank and force It into the Carburetor. Fuel pumps are olaaeifiec] as positive and non- 
positive diaphragm . The positive-type pump continues tp pump fuel even when not 
needed; the nonpostive type pump will filVthe carburetor bowl and stop when a specific 
pressure is reached. Most gasoline engines are equipped with the nonpositiye diaphragm 
type pump. A leyer on the pump is in contact with a cam surface (cam lobe) on the cam- 
shaft, As the lever rides up and down on the cam, it pushee a diaphragm in the pump 
up andTdown. The diaphragm functions similar t6 the pistbn in the engine cylinder. 
When th^ diaphragm ^ d<»wn, the fd^ forces a l-way"! valve off its seat and fills 
the chamber. When the lever is releWd and the diaphragm is forced up by a spring, 
the inle\ valve is forced closed and anoH^r 1-way valve allo^vs the fuel,to*be forced 
out into the car>)uretoi* fuel line. When the pressure builds up in the line to the car- 
buretor, the valve will i^emain seated and fuel ijn the fuel punm chamber will hold 
the diaphragm ta keep it from pumpJng-morXfu^. The cam and^ever cause the 
diaphragm to draw fuel in and spring tension Sprees the fuel out unde# pressure. 




• y 

Fig 2-11. Nbnposlttve diaphragm fuel pump, sectional view. 

/ ^ 

(4) Carburetor (fig 2-12). Flow of fuel entering a gasoline engine rpust be metered to con- 
trol engine speed and to obtain efficient operation. The fuel must also be mixed in pro- 
portion with the air to insure complete combustion. Metering and mixing are performed 
in the carburetor. There are circuits (passages) in a carburetor that function to vary 
. the air-fuel ratio. These circuits are: ' float, low-speed,. Taigh-^speed, accelerating 
pump, and choke. Engines used in engineer equipment may not have the accelerating 
circuit in the carburetor. Such engines are run at a continuous speed ana do not 
need the extra fuel tor accelerating. Fuel rlowB through the needle valve into the float 
, chamber where it is controlled by the float circuit. As the fuel level rifles in the float 
chamber^ the ffoat rises and forces the needle valve td*tB seat causing the flow of fuel 
to stop. 'The fuel in the chamber will enter the passages and fill tJjem to t|ie float level. 
.These passage s open into the venturl 6r at the throttle valve. The venturl Is la partial 
restriction in the air horn which causes the air flow to speed up and create a partial 
vacuum. A butterfly valve above or below tHe venturl will change the action of the air . 
flow If it resists the flow of air more than the venturi, the velocity of the air will be 
greatest at that point. If the^hrottle valve in figure 2-12 was vertical, the flow of air 
rushing past the air bleed would be sufficient to cause the fuel to be sprayed down; this 
would be the high-speed circuit. But with the throttle valve closed, the air restriction 

«C is below the venturi and the vacuum Is created tfl the throttle valve. The decreased 
volume of air and the restricted fuel opening will allow Buffioient fuel to be sprayed 
down into the engine for the idling circuit. DuHng cold weather, more fuiel Is requifejl 
for cranking. To increase the fuel $h the mixture, a choke (butterfly valve) gir;9ylt|(not 
shown) is added above the venturl. The vacuum created and the atmoflpheric p|eBBure 
through the ?loat chamber fo*rces the fuel out into the venturi and through to the engine. 
-iBy restricting the fuel palssages to the air stream you can change the amoynt of fuel 
. that will be mixed with the air. A restriction in the air stream or any leaks between 

* the carburetor and the) combustion chamber will also affect the air-fuel ratio. 
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Fig 2-12, Carburetor schematic. i 

b. Intake and exhaUst system . The fuel that entered the air stream was sprayed (atomized) 
and mixed Vith the'tiir and forced into the Intake manifold. If the engine operc^tes on the 2~ietroke " 
cycle, the mixture enters the crankoase wjhere it is pressurized an^forced thrpugh the ports, *In 
the 4-stroke-cycle engines/ the air-fuel mixture is partially vaporized as it enters the combustion 
chamber through the intalje valve port. The engine heat absoY'bed by tl^e intake manifold aids 
vaporization. On some engines the exhaust is in contact with the intake manifold to increase the 
temperature more rapidly and aid Vaporization. ^-^ 

Q. Ignition system. A apark-lgnltlon system provides a method of using electrical energy tc 
Ignite the air-fuel mixture in the combustion chamber. An engine m^y be equipped with either*a 
battery and distributor-type ignition or with a magneto Ignition, They are basically the same; 
they step up lo^ voltage to a high voltage and distribute the voltage to a spark plug at the proper 
time. . . 



<1) fiatter y ignition (fig 2-13). A,pMmary (low) voltage frbm the electrical energy produced 
by a battery or generator produces a secondaJ^y (high) voltage and is distributed to the 
proper spark plug for igniting the air- fuel mixture in the combustion chamber. 




\ 



(a) rrtriciplu.s . The low voltage of the p rima ry circu it is too weak to forci.* an arc acrojia 
tho Hffr gap of a slpark plug fo'r ignition/ therefore a transformer (Ignition coil) is used 
to step up the low (battery or generator) voltage to a tnuch higher value (15,000 to 
20,000 volts) in the jsecondary circuit. The ignition coll operates on the priiyiple of 
sglf-induction; a roagnetlc field is caused to move across a conductor inducing current 
in the conductor. A magnetic CJeld produced by an electromagnet will move if the 
current througlvlhe electromagnet is turned on and off. When the ci rcuit ns^complete 
(turned on), c.urrent^will flow through the windings and create a magnetic i;jelcl; as the 
field builds up. It crosses another conductor and causes current to flow. When the 

. circuit is opened (tui^ned off), the magneftc field will collapse and move across the con- 
ductors again causing moije current to flow and creating a high secondary voltage, 

(b) Compon ents and function . Current" flows thi*ough the conductors, ammeter, and igni- 
tion switch to the primary windings of the ignition coil. It flows through the windings 
to the distributor breaker points and to ground (back to source).' Attached to the bat- 
tery side of the points is a capacitor (condenser). Movemertt of the magnetic field 
across the windings produces an opposing V9ltage which, if left uncontrolled, would arc 
across the points. The capacitor absorbs 1hls voltage and prevents arcing. The high 
voltage of the secondary circuit flow's from the coil through high-tension cables to the 
diatfibutor cap. Attached to the cap is a hlgh-^tenslon cable for each spark plug. When 
the^'otor is alln«d with the cable, the high voltage will flow to the spark plug and jump 
the air gap to ground and back to Us- source, the coil, ^he distributor and its partes, 
make and break the circuit qmd aline the rotor with the corj^ect spark plug (high-tension) 
lead at the proper time. It is turned by the engine camshaft or other gears. A cam 
surface on the distributor shaft forces the points open to break the primary circuit; the 
points close by spring tension. The rotor id attached to the dlstiibutor shaft and turna 
to the correct spark plug lead, 

/ . 

(2) Magneto ignition (fig 2rl4). Except for the spark plugs and the high-tension leads to 
them, the magneto is a self-contained unit. It provides the current for the primary 
circuit and steps up the voltage for the secoryiary c ircuit. It has Jts own generStor and 
other components wh^ch function the same as sirallar components of the battery ignition 
system. During cranking and at low engine i^pm/^the magneto does not turn fast enough 
to generate primary voltage. To increase the mpigneto rpm without affecting the igrfitiop 
timing, an impulse coupling is installed betweenHhe engine drive gear and the magneto. , 
The impulse coupling consists of a spring and ratchet drive. As the engine is cranked, 
the 'spring is wound tightly and at the" proper time the tension released and the magneto 
shaft is tunied with sufficient speed by spring tension to produce a spark in the combus- ' 
tion chamber. The impulse coupling will lock but a^t approximately 300 rpm and turn 
continuously at engine speed, ^ . 
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Fig 2-14. Schematic dfl^grams of a magneto. , 
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(l« Lubricotlng aystem (fig j2-15). l*he primary function of a lubricant, is to reduce friction. 
In an englnr thero are several moving parts that create friction. Heat caused by friction can 
cause great damage to an engine* The lubrication system roduces friction forcing or splash- 
ing lubricant between the, moving parts, preventing metftl-to-metal contact. Jhe lubricant also 
acts as ^ sealer'between the moving parts and helps clean tho^enginiSl^arts. A)^ the lubiiicant 
flows through the engine it carries fpreign matter with it and absorbs some of the engine heat. 
There are three types of lubricating systems: splash and force-feed, force-feed, and full, force- 
feed (fig 2-15). The force-feed and full force-f^ed are used in most engines. Larger engineer; 
equipment engines* use the full forcje-feed system, where the oil is forced through the systcnn by 
a gear or rot,ary-type pump. These are posltive-displacement pumps with a pressure relief 
valve. They draw the oil from the oil pah sump and force it into an oil gallery (passage^ main 
oil line) where it is directed to the engine parts and ^gmponents through drilled passages. On 
^some engines the oil passes through a filter before entering the oil gallery; other engines filter 
a portion of the oil that enters the oil gallery. After the oil has performed its function. It drains 
back to the oil pan. Air circulating through the crankcase cools the oil as it returns to the pan. 
The oil-pressure £age is usually attached to the oil gallery and Indicates the pressure within the 
system. A satisfactory reading on the gage does not insure that the engine parts are be?hg 
lubricated. A restriction between the oil gallery and thfe moving parts will Stop the flow of oil 
but still maintain the oil pressure^ in the gallery. 




Fig 2-15. Typical full force-feed lubHration system without an oil filter^ 




Fig 2-16. Schematic of lubrication systems. 
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e/ Cooling gystem/ Although* some hea^ desired for better engine operation, the extreme , 
temperatures of conlbUpUCrh are ^afficient to ^amage the metals used for engine construction 
and therefore must be dissipated. An engine can be. copied by liquid or air. . . 

/ ■ ^ ' - " * ' . " , ^ ' 

<1) Liquid cooled . In the liquid-cooled sytems, water Is circulated through the system - 

anl^oled^ air flowing between the radiator tubes and fin^i Figure 2-17 shows how ^ 
th^Kuid Im circulated through the engine An iimpeller-typfe, temperature-Bensitive pump 
ci rebates the liquid through the cylinder ^lock and radiator. The thermostat, a unit that 
functions automatically, controljslhe flpw of liquid. If the engine is cpW, the thermo- 
. , . Stat will keep the liquid from flowing through the radiator and dissipating the heat; this 
allows faster wJijrmup.. If the thermostat is open, the Uquig passes on to the top (inlet 
part) tank of .tW radiator and dissipates thereat into the ait* stream as it llows through 
the radiatorrcore. When the thermostat is closed, the water is circulated through the 
cylinder blpck, bypass hose, pump/ and back through the block. The thertriplbtat is / 
designed to start opening at a specified temperature, usually 160^ F, ,and to be^uUy 
open at the operating temperature. The most |/ficient operating temperature is'^just 
over 212^ F, coolfint ternp^rature. To attain the higher temperatures and prevent the 
water from boiling, some c^ling systems are equipped with a radiator presl?urfe cap 
to raise the Wung point. Marine Corps publications list additives that are authorized 
to be used in the^ cooling system to^ pr.eVent ru^^^ corrosion, and freezing. 



(2) 




Air-cooled (fig 2-18). In this system the air is directed across the engine, parts that 
require cooling. Some engine cylin'der blocks are constructed with fins which provide 
more area^for the air to contact to remove excess heat. A lightweight metal shield 
(shroud) usu^y surrounds these areas and directs^the air across the engine. A fan 
is mounted in an opening of the shield and forces or draws air through the systetxx. 'A 
good example of an ai^-cooled engine !s the engine of a small Tawnmower. 
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.Fig 2-18. Air-coQled engine. 



2-4. DIESEL. ENGtNES * 



a. Comparison to gasoline engine , Gasoline«and diesel engineo are internal-combufltion 
engines and the principles of operation apply to both. The basic difference is the method of 
supply and ignitj^ion of fuel. In a diesel engtoe , air enters the combustion chamber and is com- 
pressed b^fSre the fuel is injected and mixed with the air. The fuel is ignited by the heat of 
compression. Because diesel fuel can be uaed to produce power more economically than moat 
other fuels, the diesel engine is replacin^t gasoline and steam ^gines In many applications* 
Gasoline is much, more volatile thai^ diesel fuel. It burns so rapidly that the hxll effects of the 
expanding g^s cannot be uUlized. For example, an air-fuel mixture in a gasoline engine cylinder 
may burn to Its maxitnum during the first half of the power stroke, but the slower burning diesel 
fuel and the increased volume of air (o5?ygerf) permit the continuous burning of the diesel fuel 
through ijnost of the power strojce of a diesel engine. Because of the high pressure of cpmpresslon. 
it Is necessary. to construct the- diesel engine from stronger materials than those in the gasoline 
engine. Diesel engines, like gasoline engines, operate On either the 2- or 4-8troke cycle, ^ 
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fc.^ Basic actions of the diesel tmgtne. On the lt\take stroke of the diesel engine, a sufficient 
quantity of air ^1^ taken Into the cylindler to burn the maximum fual^ellvered at full speed. This 
air is compreBjId into a small volume (the diesel engine has a mKer compression ratio than 
the ^soline €mgine). To assist in heating the^iir and to create tiiroulence, some engine man- 
ufacturers use a precombustion chfimber. It Is nothing more than a small chamber with a'smaU 
opening located near the top of the cylinder. As the air is compressed, some is* forced through^- 
the small opening intathe chamber. This increases the temperature of the air by friction. 
When the piston is traveljj^^ |n t|ie right direction, and at the proper time, the fuel is Injectfd ^ 
into the chamber. The h^at^porizes.and ignites the fuel spray. The expanding gases are 
force^J oiit of the precombustion chamber into the cylinder. This creates a turbulence and con- 
tinues to vaporize and mix the fuel with the air supply. The high temperature of Compression 
ignites the vapot when it mixes with the o:>^gen in the air. ThlS mixing and burning process con- 
tinues through most of the pcmer ^oke^ producing a continuous pressure ori the piston. By the 
time the .es^aust valve Is opened, Ihe fUel, having had sufficient oxygen, is^mpletely burned. 

Advantages and disadvantages,- The diesel engine has the advanxage of being niore eco- 
nomical due to more complete ourning of the fuel than the gasoline engifie, but, lb#obtain this econ- 
omy, the diesel engine must«b*b eonstructec^of heavier materials and the parts must be^achined 
precisely tox!6ntain the vfery high compression pressures. Diesel fuel is cheaper and it is 
also less flammabl% than gasoline^ thus offering a greater dggree of safety. However, the 
diesel fuel has a disadvantage in that it will freeze in extreme cold climates. - ^ 

d. Detroit djfacl engines . The fietroit Diesel ^Jngine Division of Gene^-al Moto^rs Corporation 
prodxir^fhe 2^ stroke -cycle jliesel engine that is used in the ]\9arine Corps. Thfse %gines are 
used to pow^ Anything from a 1/ 2-ton truck to a locomotive, from a'^br|table arc welder to a 
small ship. The Marine Corps has many items^f engineeV equipment wKth the se^t4e^ 71 Detroit 
diesel %ngine. fhe aeries 71 engines are 2^troke-©ycie, full-diesel enginep with two or 
more cylinders, jhey are equipped with a 24-vdlt electrical system and acce^sor^en W are 
used in pQwer ^ener^tlnfHmd eartllnovln^ / 

,(1) Systems . The cooling system is basically the same as those lEliscussed earlier in this 
^ chapter. However, the air intake, fuel, and lubricating systems are slightly different. 
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(a) Air intake <f)[g 2-19). The 2 -stroke -cycle Detroit diesel engine .uses Hntike port^ in 
the cylinder liners for intake, and the valve-in-head arrangement for e3l!haust. A 
blower or a supercharger system is used to force air into the air box (chamber) that 
surrounds the Intake ports. At the time the. piston moves down below the'lntaBke ports, 
tte exhaust valves jHte been*open long enough for the exhaust gascf^ to escape. The 
air' is forced into ,t«S|B^linder, creating a unidirectional flow of air fowaA the e3«ha|^st 
valves, producing a scavenging effect. This lea^s the cylinder full of fresh air when 
the piston again covers the intake ports. , 
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Fig 2-19. Air Intake and'^soavenging system of a 2^8troke -cycle Detroit^<i[ie«cl engine. ^ 

(b) FuqI, The -proper charge of fuel must be delivered at the proper time to the correc 
cylinder to be mixed with air t^at has been compressed and is hot enough to ignite th« 
, *ftieX. In a Detroit dieset engine this Is accomplished by^using unit injectors and the 
so\ld injection method operated by the camshaft and related parts. 

K CQmponen ti^^ The fuel aystem components and the fuel flow illustrated in figure, 

2-20 are typical of the aeries 71 Detroit diesel engine fUel system and related parts, 
A fuel supply pump, driven by the bldw^r, draws the ftiel from the conta^cir (vehicle 
tank or storage container) through the line and strainer and forces it throa^h the 
filter to the injectors, A positive displacement gear«-type Supply pump is used. It 
1 provides more fuel than is required for the ^|^in^;ihe surplus Aiel flows through the 
^ ^yetem and cool^s the fuel system parts, A restricted elbow on the outlet manifold and • 
a pressure relief valve'^in the pump allow the pump to maintain ^ 40 to 60 psl pressure 
on the inlet manifold when th^ engine is operating at 1, 800 irpm^ Pressure above the 
maximum opens the relief, valve and allows the foe! to flow h^ck to the inlet side the . 
fuel sup|>ly pump. )Fpel entern the injector unit which met^f, pressurises, and sprays 
it at a controlled yate into the combiistion cham^r at the pi^per time. It also atomises 
the fuel and distributes iftJ^oughout the cylindei?. The estc^ls fuel which has been pump- 
ed into the irtjeotor is returned througVthe outlet manifold and restricted elbow to the 
fuel |ank, . ;^ - 
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End view cross section of|Detroit diesel engine fuel system and ftelated parts. 
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Schematic of fuel system. 



Fig" 2-28. Detroit diesel efigine fuel system. 
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Cross section Qf unit injecto ^ 
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Fig 2-20. Detroit diesel engine fuel systerh — contd 

Injector > Injector units (fig 2-20) pressurize, meter, atomize, and provide a con- 
tinuous flow of fuel for the engine* Any malfunction of this component will caused 
Improper engine operation. The moving parts of the Injector are lubricated and 
partially cooled by the diesel fuel. Only the fuel recommended by the manufacturer 
5uld be used in a dlegel engine for it will have the required lubricating qualities. 



Metering (fig 2-21). The amount of fuel that is forced into the cylinder fs con- 
trolled by a plunger with an upper and lower helix machined on its Ipwer end. 
Vertical movement of the plunger Iq^ caused by a rocker arm; the pliiiiger is 
rotated by a control rack. Both the vertical stroke and the rotating motion deter- 
mine the amount of fuel that is sprayed into the cylinder. Wheif the plunger is 
up, fuel fills the spill di^aector and othet open spaces surrounding it. ^e fuel 
flows through the upper port in the bushing through the helix and througHy drilled 
passage to the area below the plunger. The excess fuel flows on througl/the lower 
port in the bushing and^back to the supply tank* The rocker arm forcee^the 
plunger down and clodes the lower port; the upper port remains open depending 
upon the position of the helix. Because fuel cannot be compressed, it flows back 
through the drilled passage until the upper port. is closed by the plunger* When 
both ports are closed by the helix, fuel that is trapped in the bushing will be forced 
into the engine asvthe plunger moves down. As s6on as thfe lower helix opens the 
lower port, pressure is relieved and injection is stopped. In figure 2-21, note 
^ how the effective stroke of the plunger is controlled by rotating the plunger, 
note the phases of injection operation* (NOTE: The vertical stroke is not changed. 
When the rocker arm pressure is released, a spring returns the plunger to the 
top and a new supply of fuel enters. 
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!Fuel metering. 





Phases "of Injector operation through vertical travel of plunger* 



c. 



Fig 2-21. Function of injector plqnger. ^ - 

Pressurizing, Fuel that is trapped under the plunger must overcome the high 
pressure of compression. When the inlet and the outlet portf close, the plunger 
beglpa to apply pressure on the Aiel. An injector valve (Tig 2-20) prevents the 
ftiel from leaking until the pressure is greater than the cylinder pressure* The 
Injector valve spring is adjusted to open ^hen a specified pr#asure is reached. 
A* the plunger continues down, ftiel Will flow past the injector valve, force the 
check valve from its seat, and spray into the cylinder. When the outlet port opens, 
the pressure is relieved and spring tension will close the Injector valve and the 
cylinder pressure will assist In closing the check valve. 

Atomizing, , Fuel in the liquid state must be changed to a gas before efficient 
burning will take place. The change from a liquid to a gas must be rapid, and to 
assist this change, the fUel is forced through small h9tkn (oriftce^s) in the spray 
tip (fig 2-20). The preasure on the fUel and the size of thte orifice cause the fuel to 
be sprayed Into the compressed air in the cylinder. Th/ atomiaed ftiel is changed 
to k gaseous form by the heat of compression and the tuirbulence' within the cyl- 
inder. As the atomized fuel is vaporized and mixed w«h oxygen, it begins to 
b.um. ^ • V 
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Lubricfttlng (fig 2-22), The lubrication system of ,the Detroit dlesel engine Is a full • 
force-feed system. The engine may be equipped with either full-flow dr by^-paaa filters. 
The oil pump is a positive displacement gear-type pump driven by the crankshaft gear, 
Study figure 2-22 and note the flow of oil through the^ystem and tRe valves which assist 
in protecting the eqglne. Note jhat this system uses an oil cooler which Is mounted so 
that water flowing to the engine .cools the oil. '^e qll th^n assists In^coollng the engine. 
You should also se^ tb%t 9il ii eprayed on the underside of the pl8t9n crown to asglst 
in cooling. A^tbough only one filter iS/Shown in the diagram, moat engines used in 
engineer equipment are equipped with dual filters. 
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Fig 2-22. Schematic of ..ty pleat lubricating system. . . • 

■ • ^ ' ' • \ . - ^' :'. . ' N ■ 

(2) Governors. Although the governors usfed on tl^ t3etroit dlesel engine are produced by 
different manufactijrerd, tl^e same principles apply.' The engine may be equipped with 
either a mechanical or a hydraulic governor. Before attempting to perform^ engine tune- 
up or governor adjustment,' check the nameplate on the governor assembly to determine 
the type and then review the procedures outlined in the specific-TM. 

(a) Terms. - 

1. Speed regulation.' A change in an engine's steady speed. ^ . The governor and the 
engine are given time to reach a dtabl^ speed for a given load. Speed regulation . 
ifl*^ directly relaj^ed to the speed-droop. ' 
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2^ Speed-droop , The change In governor rotating speed which causoB the governor's 
Output dhift tp move from full-open te fiill -closed throttle posltlcm or vice versa. 
To prevent false motion or itoer-correctlng, .> governor has permanent or tenpporary 
speed-drodp. If the speed-*d^op is tempore^, the output shaft will come to rest 
at the same speed, .The steady speed is constant regardless of the load. 

♦ It 

3. Isochronoufl governor . Maintains the engine's steady speed for any given load; ^ 
speed regulation is zero per^cf^nt^and the €ipeed-droop Is temporary. ^ 

4. Hunting. Repeated variations of speed due to overcontrol^y the engine governor. 

5* bead band. He'sitatlon in governoi* action caused by friction and lost motion In the 
meehanii^m. " 

6- Engine speed deviation . Any change in speed from noYmaC A delay occurs i)e- 
tween the moment the load changes and the moment the Engine responds. Time is 
required to correct the fuel rate andJor^e engine to^respond. The inertia of the 
flywheel and other moving parts will determine how muc^ the speed ^lU deviate 
before the engine responds to tHe governor's action. / ' 

5iE?£- Governors caA be qlassed as coAstant-speed. variable-speed, rlimiting- speed, 
or overspeed-trip type. . , ' / ^ 

U . Cbnatant-speed . . Malntaine coifstant engine speed from no load to full joad. It ia a 
governor that la adjusted to fnatjntaih an engine*" spe^d at one set rpm by moving the 
engine fuel control (throttle)* when fitkre is a change in the'englne load. ^ — 

K - V»ria6ie^speed , Af^intalns any speed ^el^edf^om idle to full speed. .DT you set 
^the tbrottle to operate the engine -Wl-^miucttfiiim engine speed, the governor ^lU 
- maintain that Bpeed for you even though the load may vary. 

^' ' ' ■ . '11^ 

3, Limiting - speed , Controls the engine at maximum or minimum speec^s^ 'Speeds 

other than idle orJFbU speeds ciah fluctuate* because of load variation or the ^ ^ 
operator's demandl^. 



4. Qverspeed-trip. This is a safety device that will stop the eng6ie should its^speed 
'exceed the maxlVnum set rpm. The overspeed-trlp governor ia normally connected 
toV device in the air intake that will stop the flow of air to^he engine blower; It 
can be connected to a fuel shutoff valve. ' * 

^ . ' ' / s 

(c) Maintenance . Engine jfovernors require very little ma&itenarice, but you, the organ- 
izatteo^l engineer equipment mechanic, should chejik the wfous engine iidjustmeitts • 
after 100 hours of operation on n^w or rebuilt enlflnes and'eo^h 1, 000 hours tjiereafter. 
Governor adjuistments and tuneup procedures are^ontalned in the TM for each specific 
item of equipment. < ^ 

^ ' \^ 
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Chapter 3 
. POWER STRAIN 

3-1. GENERAL 

Power from a vehicle's engine is transmitted to its wheels, tracks, and accessories by the ' 
power train which is a syaten:! of clutches, transmissions, transfer cases, shafts, universal joints, 
differentials, axles, bearings, and devices for resisting drive torques and thrust. Through these 
components the vehicle i8 capable of fhanging pulling power and its speed of movement, chang- 
ing the" primary dir<jction of travel, operating oyer smooth »p**rough terrain, and operating 
individual accessories. The components of a power train are determined by the design and use 
of the vehicle and by choice of the manufacturer. For example, a wheeled tractor power train 
does not have the^same components as a truck power train. 

a. Wheeled vehicles . The components used in the power train of a wheeled vehicle will depend 
on the vehicle's use and its accessories. The basic components of a wheeled vehicle power train 
are shown iy figure 3~1. Power for the complete power^train flows through the clutch. It flows 
from the engine through the clutch, transmission, transfer case, propeller shafts, universal 
joints, differential, and axles to the front and rear wheels. Power for the ^inch flows through 
the clutchrt6 the transmission and then through the power-takeoff (PTO), propeller shaft, and 
universal joints to the gearcase of the winch. • 




Fig 3^1. Power train con}ponents of a wheeled vehicle. 

b. Tracked vehicle^. The powder train of a tracklaying Vehicle Is usually more-iruggedly 
constructed than that of a.^heeled vehicle, but the, functioning is the ^ame. The propelling power 
train of a tracked vehicle is illustrated in figur,e 3-2. Power from the engine flows through the 
engine clutch, transmission, .pinion and ring^^gear, steering clutches, final drives, and shafts 
to drive the sprockets along the tracks* l^ower can be transferred from thf engine to the 
accessories by several means. For example, power for the single drum win^h on soine 
Crawler-tractors flows from the transmission through a shaft to the winch gearbox, while power 
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to operate tlie hydraulic bucket flows through a shaft from th^e front of th^ engine to the h5'd!'auli^ 
pump which actuates the atlachmgnl. > 
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Fig 3-2. Propelling power twain of a tracked vehicle, 
3-2. CI^TCHES AND BRAKES 



a. Purpctse . Clutches and brake^ control the power flow and motion of a vehicle and its com- 
ponents. Clutches provide a method of engaging>or disengaging the power train. A clutch is 
Ipcated between the power source and the operating attachment or {vehicle drive. Brakes provide 
R method of itopping or controlling the speed of a vehicle or attachment. * 

b. Principle of operation. Clutches and brakes operate by the application of pressure and 
friction. A clutch may operate by either solid or fluid friction. Fluid friction will be discussed 
under the heading of fluid couplings. In a solid friction system, friction is created by moving 

a atationary object into 'contact with a moving object. If sufficient pressure is applied, the 
atationary object will either move at the same speed as the moving object or the moving object 
will atop. The aolid friction principie can be demonstrated by placing a book on a flat surface 
ai^ placing the palm of your hand on top of the book. If you apply sufficient pressure and turn 
your har^d the book will turn. Now turn the book and apply the pressure and notice how the book 
tends to atop or your hand tries to turn. ^ 

c. Norttenclature. . * 



(1) Clutches. The princ'ipal parts of a clutch at^e: the driving member, the driven member, 
and the controlling mechanism.* The driving member rotates with the power source. The 
driven member contacts the driving member and^transmits the power jfl<fw to the power 
train. The controlling mechanism provides a means of applying pre^^ure which establishes 
friction and a method 9f transferring the power flow from the driven membef to the p#wer: 
train components. Study the engine clutches (spring -loaded, fig 3-3 and snap-over- 
center, fig 3-4) and you will note that the driving member is bolted to the flywheel of the 
spring-loaded clutch and spl^ned to the flywheel of this snap-over-center clutch. The 
driving member and the drivfen member are constructed or-fitted with friction surfaces. 
The clriven disk has a lining bonded (glued or fused) or riveted t^ the face, while the 
driving plate is made of- a nonmetallic material. 

(a) Classification and type . CUitches are classified as engine, steering, dr operating by 
the functions they perform. They are typed accordin^to shape and the method used to 
bring the friction surfaces into contact. 
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h ]pUt0 iA ip^)* Thl« type of clutch, normally u«ed on an engine or steering clutch, has a 
round ilatmetal plate ithe driven meraber) with Hie friction surface machined or 
attached to it, and a driving membter which uau^y-haa a flat' machined surface. The 
driving member and the driven member each hive two friction surfaces. There aro 
singleTdlsk (fig 3-3), twin-di»k <fig 3^4), and multiple^lsk (fig 3-5) plate-type clutches. 




Engine flywheel 
Driven disk f aoing 
Facing rjvets 
Pressure plate 
Clutch flywheel ring 
Adjusting shims 
Adjusting iptrap 
Flywheel ring stud nut 
Lockwasher 
Pressure spring 
Spring equalizer 



12. 
13. 
14. 
15. 

1$: 

18. 
19, 
2Q. 
2f. 
22. 



Clutch release bearing 
Sleeve 

Lever locking balls 
Adjusting plate 
Spring retainer pin 
Retractor spring 
Pressure levers 
Fulcrum rings 
Snap ring 
Flywheel ring stud 
.Driven disk assembly 



Fig 3-3. ;^pring-loaA^ plate-type engine clutch. 





\^ Driving plate . 

2. Flywheel 

3. Hub and back -plate 

Bearing ^ / i 

6. Clutch shaft 

7. Driving ring 

8. floating plate > 

9. Adjusting lock pin ^ 
10* Release yoke 

11. Sliding sleeve assembly (release bearing) 

12. Adjusting yoke assembly 

\ . 



Fig 3-4. Sna||||^er-center twln-^'disk engine clutch. 



Internal«expftndliig> ThiB type of clutch (fig 3-6) has only one friction surface for 
the driving member and one friction surface for the drlyen member^ Thevclutch 
fits inside another componlent and expands to bring the two friction surfaces Into 
contact* The outer friction surface is commonly called a drum/ The clutch band 
or shoes have a nonmetaUic lining riveted to them* , Either the clutch or the ^rum 
can be the driven member. ^ ■ 

~. Lining 

2. tUvets 

3. Clutch shoe N 

4. Anchor pin \ ^ i 

5. Anchor pin 

6. Drum 

7. Pivot pin 

8. Snapring 
9/ Uiemi nut ^ 

10. Vdjustlng bolts 

1 1 . Alutch spring 

12. Roller pin 

13. Anchor pin 

14. Lever arm 

15. Shaft 



Fig 3-6. InternalrexDanding clutch. 
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) ^3ctyrnaHontractlng, This type of dutth (fig 3-^) has a band with riv|^ lining on th 
inflido that fit* around, a drum or other component. The band contractToringing the 
two friction surfaces into contact. Either the clutch or the drunn "ban be the driven 
' member. 




1^ Compression spring 

2, Clutch carrier 

3, Jam nuts - * ' 

4, Eyebolt 
5/ Lever 




Tension spring 

9. Pin -l 

ro. Link 
li:||fClutch l^and 

12. |-.ining and rivets 

13. Bar, 

14. Bolt 

15. Shaft 

16. Drum 

17. Shoe lining 

18. Band dead end 

19. Pin 
2a. Bar 
21. Shcye 

2^ Pin 23. Eyebolt 



Fig 
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External-contracting clutch. 



4. pone. This type q{ clutch has cone-shaped friction surfaces. Either member can 
be the driving or driven membef, and each member has one friction surface. One - 
^ cone Is forced inside the other to bring the t^o friction surfaces into contact. 

^- i&Wj This type pf clutch (fig 3-^8) is constructed of gears that have metal-to-metal 
friction surfaces* Some stre spring-loaded^ some are positively engaged, and some 
require ConUi^uous pressure by the operator through mechanical linkage. The mating 
' surfaces of Ihe positively engaged clutch ( A. fig 3-8) ^re cut at such an angle that the 
twisting foroe will not push them apart; the jaw of one member slides into a slot of ' 
the other member. Continuous presgure clutches (P, fig 3-^ have rounded or beveled 
^aws that can be pushed apart by the t^felsting force. They require contiguous pressure 
by the operator or a spring to keep the friction surfaces in contact.. 




1. Shaft 

2. Jaw clMiteh 

3. Bolt 

4. Clamping collar 
\5. Ball bearing 

fe. Gear 




1. Shifting fork 

2. Jaw clutch 

3. Gear 

4. Shaft 

5. Mating jaw 

6. Shaft spline 



Pig 3-B. Jaw clutches. 
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6 Wit- ordi^-tyoeclutches, Clutche* much as disk, internal-expanding, and Jaw may 
" be'elther iet o'rdry. A wet-type clutch operates in oil; it operates cooj^ti^n the 

diV-tVpe clutch, but requires more pressure to ^ngage because the oil hStt-to be^ 
squeeWvfrom th* friction turfaces to establish friction. Any oil or greaqe on the 
friction surfacerTtf a dry-type dutch wUl cause severe damage. The lubricants 
reducelihe frlctlOarfqiar^J for proper operation. Lubricants will also cause t»»e 
noranetallic lining of a dry«type clutch to swell and deteriorate, 

7 Terms . Operating clutch la a term used by maintenance personnel to distinguish 
" between the engine (master) clutch, the steering clutch, and those dutches that 

control the v^ftiide attachments. 

<b) Clutch controt. The most common method of engaging and disengaging a,clutch is by 
simple mechanical linkage. It consists of levers and rods between the operator aftd 
the clutch. There are applications where- the simple method Is Impractical; therefore, 
some clutches are controlled by a combination of mechanical linkage and a hydraulic, 
electric, air, or vacuum 8yst«?m. Through the control mechanism the operator either 
applies or releases the pressure required by tile clutch to estiibliah frictiorf. Only the 
spring-lba'ded and the snap-over-center types ar^ explained in this course; hut if you 
study the method of control and the pritxdples as they are applied to these clutches you 
will be able to understand the opei>tlon of the other clutches, " - , , , • 

1- Rpr^p g-^oadsd omtch (fig 3-3). This clutch useathe pressure created by sprin| tjp^lon 
to hold the driving and driven members i}i contact and create friction. The prp#ife 
sprhig pulls the it*ide of the pressure levers and they pivot against the clutch - _ ^ 
flywheel ring, forcing the outer end of the jJressure levers ^gainst the pressure plate. 
By moving a lever or pedal of the control mechanism, an operator can disengage the 
clutch by applying preMure on the pressure spring. This causes the pressure levers 
to --pivot and pull the pressure plate'away from the dri^ disk. The driven disk 
which is spllned to the clutch shaft moves away from ^flywheel and stops because 
power flowlfais been interrupted; there is insufficient pi^sure to create the friction 
" for clutch fRctioning. The clutch shaft is supported by *e pilot bearing in the fly- 
wheel and another bearing on the other end of the <»haft. When the driven member is 
stopped, the pUot bearing reduces friction between the clutch shaft and the flywheel. 
There is rt^o triction at the pilot bearing when the driving and driven members are 
turning at the same speed. A clutch release bearing reduces the friction between the 
rotating members and the controlling mechanism. 

2 Snao-wer-center clutch (fit 3-4). This dutch operates basically the sajne as the 
"* spring-loaded clutch. However, the pressure required to bring the driving and the 
driven members together 1« provided bjTan dperator through the controlling mecha- 
nism. Levers or cams in contact with the release bearing and the pressure plate 
rotate or pivot to force the driving and driven members Into contact with enough 
pressure- to cause the clutch to ftinotlon. With the clutch properly adjusted and 
fully engaged, the levers o/ came are aUghtly over center and toggle in. The cam- 
ming action of the levers or cams maintains the pressure until the control mecha- 
'^J^ism is moved to the disengaged position. 

2V Brakes .' r ^ , ; . 

(a) General. Brake types, cla*8lfications, and principles of operation are similar to 

clutches. The major dlff*rence between a brake and a clutch, is thtft a clutch transmits 
power, both friction surfaces are frete to m^ve. while a brake stope rotation, oafe 
friction surface la stationary. There are disk, internal -expanding, and external- 
contracting brakes. The most commonly us^yd type^f brakes ftre the external- 
contracting and internal-expanding. The principal 4>artB of a brake, are the shoes^whlch 
have a nonmetalUc lining riveted or bonded to them.' They are normally anchored to the 
viiele to serve as ifyb stationary member. The other friction surface is usually a 
michined metal surface on a rotating part. The parts of gne type of internal- expanding 
brake are shown in figure 3-9. The length of lining on the prln^ary and ^e Secondary 
»h(fi of some internal-expanding brakes is differenft. Some primary shoes h^ve a 
shorter lining than the secondary shoe; others" are the same lengtft. 
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Fig 3-9. Internal-expanding brake, ' 

Brake'control and operaticfti. A brake can be controlled by the same methoda as a 
^ clutch. ^ As indicated in figure some brakes are designed to add additional ' 

pressure through their action. Brkke systems are aften referred to as service, ^ 
parking, .transmission, and operating. Service brakes are those used for stopping or 
controlling vehicle speed under normal Conditions. . :parking brakes, used to h61d the 
machine when stopped^ are sometimes Called emergency brakes. Transmission . 
brakes are^ used to slow or stop the transmission and power train parts for easier 
and faster shifting of transmission gears. Operating brakes are those used to control^ 
■ the attachments. " . ' * 

4 

i. Mechanical, Mechanical control methods use a system of levers, linkage; and cam« to 
actuate the brakes (fig 3-10). Movement oY the lever is transmitted to the cam through 
the linkage. The cams rotate and cause pressure to be exerted on the brake lining which 
contacts the brakedrum and creates sufficient friction to 6low or stop the moving 
part or component* Some^brakes use-^ring pressure to actuate 'the brakes and the 
cams to release them. Some of the mechanical systems will toggle in, showing the 
operator to leave the machine with the brake applied. The mechanical method of 
brake control is used on many of the operating brakes of engineer equipn>ent. 
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Pig 3-10. Mechfiffiical method of contrj^lllng brak«<h. 



Hydmulic-actuated (fig 3-11). This ts the most used inethod for controlling passenger 
vehicle t>rakes. Through mechanical levers or pedals and linkage, pressure is 
applied on a hydraulic fluid that is transmitted through lines to the brake' control 
cylinder, jPressure on the'fluid cituses the cylinder piston to move and a mechanical 
link transmits the movement to the brake. On an internal^expanding brake, the piston 
moves out, causing the brAke lining to contact the rotating member. 




CniNMR 




Fig 3-11. Hydraulic brake system. 

Air^ actuated > These brakes are similar to hydraulic brakes. Where the pressure Is 
transmitted by fluid in the' hydrkulic system, pressure is applied by compressed air 
or stromjuapxiings in^the air-actuated system. Some systems use air presifure to > 
engage^lhe br^Oc^^^ while others us^ air pressure to keep the brake released. 

An air compressor; driven by the engine, compresses the air which is then stored 
in a reserv^>iv. Air pressure is regulated by a governor which controls the air 
compressor. Movement of the brake pedal or lev^ opens a valve which allows the 
air to flow to the brake chamber. Air pressure in the chamber forces a diaphragm 
to move and also moves mecfianical linkagiss (^ajlfack adjuster) which operate the brake. 
The system tjhat uses air to'release the brakes is very similar. i;t uses air pressure 
to overcome sprtng tension and force the^brakes away from the drum. 
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* * Fig 3-12, Airbrake system. 

Elect riqall^'^dtuated ^ These brakes are ysed primarily 40 "control attachments^ al- 
though some vehicles use elect^ricity for other brakes. Figure 3-13 shows the electric 
bra|ce controlljbr and a disassembled view of an electric brake. The operator moves 
a lever on the controller which varies the current to the brakes according to the 
position of the controller lever. The current flowing through the magnet assembly 
creates a jnagnetic field y^hich attracts the armature assembly. The armature 
rotates with the rqtating unit and^as the magnet pulls t6ward the armature it also 
tries tq rotdte. The rotation of the magnet assembly causes a camming abtion on 
the braki?, stopping the rotating unit. - 
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Flft>3-13< Electric brake and brake controller. 



d. M|acel)»neou0, Item* of engineer equipment use onh or more types of clutches, brakes, and 
control method^/ A crane may use a bralte to asslflt.tho operator to engage the main clutch or a 
clutch jmay be u?ed to rot^tte a ca^n which will applj^ a brake. The scoop loader has air-assl3ted 
hydraulic service brakes and ^. mechanical parking brake. Some crawler-tractorS have hydraulic * 
boosteria to assist in (Hsengaging the st<?ering dutches. Because there are several types and 
methdds used, you should study :the TM for the machine. Study the principles learned from th^s 
coiirsQ and apply them when attempting to replace! repair, or adjust a clutch or brake, ^ 

■> . ' ' 

3-3. transmissions; TRANSFERS, AND GEARS * \4 

a. General. ' ^ 

^(1) Purpose . Transmissions, transfers', and g^j^s provide a method of increasing torque 
or speed and a method of changing rotation or direction of the power flow. An engine 
is designed to produce mcpcimuyn power at a specific rpm and to rotate in one direction. 
It is through the gears of ttm^wwer train that an operator can select the direction of 
travel and a gear ratio that will allow the engine to operate at the most efficient rpm. 

^ The C£)mp6nent parts of a transmission or transfer are enclosed in a case. 

{i) Gear types find ratio '. Gears are used to transmit rotary motiorl. If there is to be a 
change in speed, direction of rotation, ot direction of pover flow, the tnotlon will be 
transmitted from one shaft to arWther. The gears are selected to fit the application 
and provide the desired ratio. Gears a3re 'mechanical levers; they provide mechanical 
advanjage for rotary motion. Study figure 3-14 and note that moving the long end of the? 
bar 12 in. will only move the short endiof the bar 6 in, AlH!^note th^tf It will require 
25 lb of pressure on the long end to move the 50-lb box. This is e^cpreased as a ratio 
of rto 2. Now consider the gears as the bar. If y^u turn the large g ^ar on ^full turn 
the small gear wijl turn two full turns. However, it will require twice as mtx^ effort 
to turn the large, gear. In other words you have increased the^ speed, but you l^ve re- 
duced the torque. This raJtio is also expressed as 1 to 2. V the small gear was drlv^ig, 
. the ratio would be 2 to 1 o** 12 4teetli of driven gear) to 6 (teeth of driving gear). You 
will also note -that two ge^irs in mesh mounted on shafts side by side will rotate in opposite 
directions. There are several types of gears; each ca'n be used to provfde a mechanical 
advantage, but some also have^otlier functions. 
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Fig 3-14, Illustration of f 
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)• Sour tfearg (fig 3-1 B)* Theie ar« the mof t oommon type of geare, StrmUht gwr ytre 
have teeth cut etraigh^t^aoroee the gear and are ueed where the gears muat slide In and out 

of mesh with other geara or where aide th)ruit Nvould be undesirable. Helical iPur 
gears have the teeth cut at an angle and are used where more tooth contact. and quieter 
operation Is desirable and where side thrust is no problem. Helical gears ai^e used to 
QpeFate in constant mesh. 





^ig,3-15. Spur gears. 

Bevel gears (fig 3-16), These are used to change the direction of power flow. Power 
enters at one place and ej|[ierges at a 90O angle. Like the helical spur gears, bevel gear 
teeth are cut on a curve or an angle to increase tooth contact. Bevel-gears are usually pro- 
vided in matched sets consisting of a plnioh and bevel gear. Some bevel gears are 
referred to as ring geairs because of their application and mounting, sUch as the ring 
gear and pinion in the differential of yoqr automobile. 





(Straight) (Helical) . ' 

^ Fig 3-16. Bevel gear8\ j 

Worrtt gears (fig 3-17). These also change thejdirection of power .flow. They are gener- 
ally used for slow speed applications and' where th^r action is needed To resist reveriii, 
torque action, / The power enters at the worm and drives the gear; should the power V 
flow reverse, the gear wowld force the worm against the friction surface causing, 
enough friction to reduce or stop the power flow. The most common use for wx>rm 
gearing is automobil^e steering. The worm ^an be com^yLred to the threaded part of 
a bolt, and the gear to a rounded hut with external teeth to match the bolt threads. - 




Fig 3-17. Worm gear. 
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(tO ntng gcara (fig 3-18), These gears have teeth eitJier on the inside or the outside and 
are usually bolted, pressed^ or constructed to another pa^rt., 'Hie most connnon us(*a 
are: the extoroal ring gear that is pressed on the flywhee^ the internal ring gear used 
to join two gear© located op the same shaft, and,^ internal ring goar used In a 
planetary gear sygtem. 



EXTEKNAl KIMO 
QEAK AND FLYWHEEL 




INTERNAL OEAK 



. ^ ^ * ' Fig 3-10. King gears. 

• ^ 

(e) Planetary gear sygtem (fig 3-10). This system is composed of ^pur gears, ring gears, 
^ BhIrftB, bcariYigs, and other components. Although often referred to as a planetary gear, 
it is a geai' sysf^in/The system consists of. three rotating members: the internal ring 
gear, the sun gear, and the planet pinion set. The planet pinion set consists of the 
' planet piniotis'l the planet pipioo carrier, and the planet pinion shafts and bearings. 
^ Planetary systems are used in transmissions, rear axles, and V{it\che8. The system 
is arranged so that gear .ratios .can be increased or decreased, and so that the di^ec- 
• tion of rotation can be reversed by holding one of the rotating members and turning 
*the others. There are six possible selections for the system shown in figure 13-19. 
For example, in the chart (fig'3-19*), if you Hold the sun geaV and turn the pinion 
carrier, you will h^ve an increase in speed. 
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Fig 3-19. Planetary system and action chart. 
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Be»rlng ff. Within the dlfUrent gearcQsts there are bearinga apd ehafte which reduce 
friction and support And aline the gears. They are produced in maby shapes and sizes 
and are machined and treated to withstand twisting and shock. The gears may be spiined 
* on the shafts keyed or pressed to the shafts or mounted on bearings on the shaft, There 
are two general types of bearings: sliding surface and antifriction. 

t * 

(a) SUdlng syirfaQe bearing^. These slide over each other* without turning. An accurately 
machljied surface that allows anothcipaccuratcly machined surface to slide over it iA a 
simple form 'of the sliding surjfad'o bearing. However, to reduce costly replacements, 
a soft material is used to line or, coat on<l of the surfaces so that only the soft relatively 
in/fexpensive material will require replacing. The most common materials used for 
sliding surface bearings are brasa* bat)bitt, and lead alloys. These nre shaped, 
machined, and treated to reduce friction aad wear of the more vital parts. 



(b) Antifriction bearings (fig 3-20), These bearings depend upon rolling contact rather than 
sliding contact. They are the ball bearings and roller bearings wlilch are used throughout 
the power train. These bearings ordinarily give a warning before complete failure by ' 
gradually decreasing th\> smoothness of operation, f he bearings are designed to withstand 
radial loads, thj^st loads, or angular loads. Some will withstaad a combination 'of 
the different loads. Figure 3-20 illustrates the different bearings apd how they are 
designed to withstand the different loads. ,These bearings .arie constructed frqm very 
hard materials that have been rnacbined with precisiot> and treated to withstand high 
speeds and heavy loads. The bearings consist of an inaer and an outer race whi<!?h 
act as a^wear surface or path for the balls or rollers . Although fiome antifriction 
bearings are prepacked and sealed, bearing 'life depends upon proper lubrication and 
cleanliness; a pit or'score no larger than a pin point will cause unsatisfactory bearing 
operation. The bearings are installed so that one raqe will turn with the shaft or 
other rotetlng member. The balls or rollers roll*as the'component turns with minimum 
friction/ Antifrlgtlon bearings are designed ^to withstand the different type loads when 
install/d properly. Improper Install atioU "will cause the component to fall. 0^ 
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TraHfiTO|gei on tr^n^fer typ Qg* There eei^e two basic typea of conventional tranflmissionB: 
/ fltidinfe gQ^i' yid plftnetnry . Marine Corps engineer equipment uses both types. The planetary 
y system Is useid in the torqmatlc transmission and In other vehicle components. There are three 
' ktiids of gliding ge^x^ transmissions: sllding-spur-geaa% constant-mesh, and syncnromesh. 

' ' . (1) ^ Slldi ng-spur-gear (flg.3-21). ThiS'-ifi a simpt© sliding gear transmission. It is the type 
used ir. some orawlo#-trs^ctor8, similar gear trains of cranes, and for some transfer 
cases- The comppnlbnt /iarts can be enolosfltd in a caae or they can be exposed. An 
exposed gear systelh is referred to as '^the ^ar traii^*' 

V 

' Components, The transmission (fig*3-21) consists of four shafts, seven-§ffjfl[rs 
(reverse Idler gear not shown), bearings, seals, linkage, and the case. 

K The4np«t shaft is spllned on one end t6 provide a mjethod of attachlnff^t to the clutch 
shaft, A gear Is pressed or keyed to the opposite end. It IS suppo<f<ed by ^ bearing 
at the engine flywheel and a bearh^g^^the^r^^ case, 

2^. The main drive gear eternal gear (fig keyed to, ^i^Sed to, or constructed 

as part of the input shaft. It is two gears constructed In oj^ piece. It has exterifftl 
teeth that mesh with the countershaft drive gear and anotlter set of teeth that ^ill 
mesh with a gear on the main shaft, The;tj(?th that mea^ with the main shaft geaf^ 
can be ^either internal or external. The mffln ^''/jntflH^ is also maohiped to revive 
a bearing and orf some machines splines smallei*than the Inside Yttmnmer of the 
bearing are cut. The spllned portion provides a method of ddffing an attachment 
power-takeoff (PTO) shaft. 

*• 3. The main shaft is splWed so that gears .can slide^Eaong it^ length; on some macjhlnes 

it is also hollow. It /s supported at one *end by The bearing in the main drive gear 
and at the other end by a bearing in the case, 

The two4iiA^n-shaft gea^ have internal splines and s^de qn the main shaft. Hub 
extension^ have been machine^ to the geelrs for shif4(f r forks to slide them In and 
out of m^h with the other gears. The second- and third-speed gear has an internal 
gear (not shown) which can mesh with the Mjernal gear on the input ^ha^t. These 
are the gears moved by the operator throdgh linkage that fits the h\fb extension. 



5. The countershaft is a solid shaft 3upp5rted at eac*^ end by4>6arings in the transmission 
case. Some, machines have the counterstiaft extended through the front of the case So 
that the power will flow back t>iAvat*d the front. - 

6. The countershaft gears are keyed and ptjjBSSed^o the countershaft. The countershaft is 
in constant* mesh with the main drive gear. The first and second speed countershaft 
gears are constructed la one piece, ^ When the input shaft rotates, the countershaft 
and .gearT^ii^ turn, 

' ! ' 

7. The reverse idler shaft is pr erased into the case, and the reverse l|(^er gear Is 
supported by a bearing on the shaft (not shown) • The reverse Idlet* gear is In 
constant mesh with the countershaft reverse gear. ^ ^ 

(b) Function. Power from the clutch tufns the Input shaft and gears* 'the countershaft 

drive gear, being in mesh with the main drive gear, will also rotate, but In the opposite 
direction, causing the countershaft and countershaft gears to rotate, The reverse 
gear will rotate In the opposite direction of the countershaft reverse gear. The main 
shaft and goars will not rotate unless the poi«rer train is moved or t^e straight spur 
sliding gears are Iq proper^ mesh. If the second- and third-speed |^ear Is moved forward 
• and the internal gear and exteVhal geefir mesh^ ^he main «haft vlU rotate In the same 
direction as the Input shaft. If tne gear is moved to the rear and ii^ mesh with the 
countershaft second-speed gear, it will rotate In the same direction aa the input shaft, ^ 
but at a reduced spee^ecause of the different gear ratio. When the first and reverse 
^ ge^r is in mesh with the reverse Idler gear, the main shaft wUl turn in the opposite 
^direction of the input shaft. ^ Stiidy figure 3-21 and note the size of Jhe gears. Trftcr 
the po^er flow thrdugh the gears and visualise the g^ar reductlonfl. Remember that 
when a large gear is driving a smaller gear there will be an Increase in speed and 
that direction of rotation will change when transmitted from one shaft to another shaft. 



7L 





Fig 3-21, Sliding-apur^gear tranrfmlBslon. 

) Lubriccttipn , The gears, bearings, and linkage are generally splash-lubricated by a 
heavy gear q11, QO 90. The case is filled to a specified level and, as the gears rotate, 
the oij is splanhcd^onto the other parts, A ^ 



tionstantMnesh, 

b<a8ral . Although a transfer case (fig 3-2^) ia^ifferfnt in nomenclatyre, the 



iftubt ration shows that constant-mesh and sliding-spur-gear transmissions and transfer 
case^^are similar in construction and function. In the cohstant-mesh assemblies, 
the mean shaft geafs are mounted on bearings and depend upon another/^pmponent, 
nhe sliding'^ear (fig 3-22, Item 5), to transmit the power from the rpa^^'*^®^^ to them. 
The main -shaft^ gears remain irt one plaice dn thelshaft; they do ^^ot slidii along the 
shaft as the straight spur gears do. They are in constant mesh with the gears (jp ^ 
another shaft, '^e constant-mesh transmissiops nonfhally ude a straight ^ur gear^ 
for the reverse and first-speed main shaft gear. , You will note th at the constant-mesh 
gears (fig 3-22, -tBR^s'S, 8, and 10) a^e helical gear^this, allows more tt)Oth contact 
and quieter operation. - 



Function. Power.enter^, the case and rotates the main shaft and the sliding gfear. If 
the sliding gear is moved forward, it will ejiga^e the Igj^-Speed P^ear '^ler low-speed 
gear fig 3-22, item 20), and transmit the power to th^driven shaft. iH^e tonmtAnt- 
mesh gears will also rotate on their antifriction bearings/ V the slkiing g^ar is 
moved to the rear, the straight spur t^eth will mesh wWh^the internal teeth 6f the 
main drive gear and transmit the power to the driven ihaf^. v 

Miscellaneous, The transfer case in figure 3-22 has foift- points /or fettaching units to 
be driven. Item 1 receives the power, item 22 is an accessory drive assembly, ^^^^ 
9 is the rear wheel drive, and item 15*is the front wheel drive.:^ Also shown are slidinf 
clutches, sometimes referred to as jaw clutches. 
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Pig 3-22, Transfet case, sectional view. 
(3) Synchron>esh <fig 3-23). 

(a) General. The straight sliding-spur-gear and the constant-^mesh transmissions and . 
trjEtnsfers require the operator to stop the gears or have them rotating at the same speed, 
before changing to another gear ratio. Synchronizing gear .speed is accomplijihed by 

a gear system similar to the constant-mesh transnlission with friction surfaces on 
the meshing components in a synchtomesh transmisalon. A;flynchromesh clutch 
replaces the sliding gear. It is splined to the main shaft and has a gear with external 
teeth, friction clutches, and a sliding sleeve with internal teeth. \ Constant-mesh geijtrs 
also have small external teeth gears and friction surfaces machin<»d to them. Tht 
'sliding sleeve will mate with the external teeth, locking them together, 

(b) Function. With the power train turning, the operator disengages the engine clutch and ^ 
moves the selector lever to change the gear ratio* When the original gear is diseng; ged, 
the^ power train continues to turn, but the input shaft and partis itop* A* the lever is 
mpved farther, the friction surfaces come together and cause the two gears to rotate. 

A, spring-loaded ball pr(^enis the sleeve from moving far enough to cause the gears 
to datth. When the speed of the gears is the same, the ball allows the sliding sleeve 
to engage the external teeth and lock the gears together. The power then flowe from 
the engine clutch to the synchromesh clutch and through the sliding sleeve to the gear! 
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Fig 3-23., Sytichromesh clutch. ^ 

4. HYDRAULIC*COUPLINOS AND TRANSMISSION 

a. Hydraulic couplings, 

(1) Fluid coupling (figs 3-24 and 3-if5). The smoothest and simplest method of t'ransnnitting 
torque is by a hydraulic coupling. It is a fluid^- friction clutch with a l^to 1 input-output 
torque ratio. It consists of a pump and a turbine operating within a case filled with oil. 
Each element <pump and turbine) has straight, flat, radial blades. As the engine turns,* 
centrifugal force will throw the oil on the pump blades out (rotary flow) and across 
(vortex flow) the blades. > - * 






Fig ^-25. Schematic of oil flow in fluid coupling. 



hen the oil leavce the pump alde| It strikes the fclades.on the turbine, and friction 
of the oil causes the turbine to rotate. The faster the pump turns, the more pressure 
the oil will have; this will increase the friction and rotate the turbine faster. When the 
power flow^s reversed and the output shaft is drivirife, the oil pressure from the turbine 
will turn the pump. At slow speed or lo'i^ engine rpm the oil is not moved with sufficient 
force to overcome the resistance and th«( elementfl>re free of each other. ^ A fluid 
coupling \s like two fans facing each oth^r. If one fan is running, the movement q^the 
air acrQSS the blade of the second fan wOl starr:itsrota^gr Jf one is suddenly turned 
off and the other on, it will cJuse the oi^lginal driving fan to be driven. ^ 

(2) TorqUe converter. A simple torquV converter is similar to a fluid qoupUng. A torque 
converter has curved vanes and additional rotatable members .that ^b^'Ide a m9ans of 
torque multiplication and also act as a fluid coupling. A torqu^coo^erter can be utilized 
to replace a solid friction conventional clutch and conventional transtnissioril 

(a) Operation. All torque Converters have a minimum of three elements: pump, turbine, 
and stator (rotatable menib^r). The stator changes the direction of the oil for return 
to the pump. It can rotate, but is stationary when there is a great difference between 
pump and turbine speed. If the stator did not change the direction of the oil from the 
turbine, theol^^fP^Mure would flow in the opgosite direction of pump rotation and act 
as a br'alcer^simpl* torque converter and tffe oil flow are illustrated in figure 3-26, 
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Fig 3-26. Torque converter and 
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Torque converters used in Marine Corps equipment are similar to the 2"8tator assembly in . 
figure^S'-S?, The atators are designed to freewheel and act as a fluid coupling or automatically 
lock to provide the reaction for torque multiplication* The stators are mounted on cams on the 
ground sleevt. The cams will let the stator rotate freely in the direction of the pump, but they 
lock to the housing if they try to turn against pump rotation. They are like the coaster brakes 
on a bicycle that allow the pedal to turn in one- direction only. Oil is passed from the pump to 
the turbine and directed toward the center. The oil that leaves the turbine has* not expended all 
of its energy. This oil strikes the stator, which tries to rotate, but locks. The blades o'f th^Qf 
stator change the direction of the oil so that the energy will assigt rather than resist pump rotation. 
The engine speed remains stea'dy and the energy of the oil is added to the energy of the engine 
which provides t6rque multiplication. As the turbine gains spe&d, the oil will strike the back of 
the stator blades causing it to freewheel. (rotate in the same direction as the pump and turbine). 
When all^eleniettts are operating'at the same speed, the torque converter acts as a fluid cbvipling. 
The ifriction (4Pthe oil across and throujgh the system canfcreate enough heat to do damage. 



The movement of tha parts also causes friction heat,v/ Consequently, 
matter which cause wear or restriction create most converter maintenance problems, 
/greatest amount of friction occurs when there iar maximum torque. 



friction heat and forei, 
The 



r 



3-19 



ERIC 



67 



Fig 3- 



27. Pouruelement torque converter. 



C^) Appli^Ktlpn. A torque converter can be used with or without a solid-friction clutch. 
The torque converter used in crane-shovels is equipped with a solid-friction clutch 
between tKe ehglne and the converter. The equipment that has the tofqmatic transihls- 
sion Kas a similar torque converter that receives its power directly from me etigine. 
In th^ torqmatlc transmission application, the torque converter will also perform other 
functions. 



b. TorQmatic transmipsion . The torque multiplication of the torque converter is further 
extended through a constartt-tnesh planetary gear system. The torque converter and the geat\ 
syfltem have been qombined Into the toi^^^^^t^^ transmission that nas tfiree speed ranges foryard 
anil three speed ranges reverse. The gear train is controlled by multiplate, oil-cooled, frlotion 
clutches. 

(1) Prlnclpaes of operation . Earlier in this chapter you noted that a simple planetary system 
will provide 4lx different conditions (tl^ree forward and three reverse speeds). . Figure 
3-28 Illustrates the direction of rotation and how the gear ratio is affected! 
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Fig 3-28, Planetary output combinations*. 
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Aq illustrated in ffgure 3-10 and figure 3-28, the direction of rotation and the speed of the 
output shaft are controlled by the size the gears and the member that is held stationary. 
The torqrrtatlc transmis3iO|i use3 five clutches which are hydraulically applied and spring- 
released t5 control the i5lanetary systems. Figime 3-29 illustratea the position -of ^^le 
clutches in relation to the planetary syste.m. Oil pressure froD^ a pump In the'torque 
converter flows through the. control valve assembly where tfie operator selects a raTige ' 
and a direction, ptudy the schematic and note that the reverse planet pinion^cage pan be 
\eld by the clutch. You should ^so noteth^t the reverse rinj^ g^^r and tifte forward planet 
carrier form the planet pinlo^ cage for the forward clutch; the high-range planet carrier 
and the low-range sun gear form the* planet pinion cage for high-'^nge clutch.". This is 
a compound planetary gearing system. All gearg within tl^e system^remain In constant 
mesh; there is no ne^d to slide the gears in and out of mesh since this can be accomplished 
by engaging or diseng^ing clutches. When the torqae^converter output jjhdft is turning^ 
there is power Available to the forward and revers^ sun'geArs. By engaging one of the 
clutches, the power wlU be transniittad pn through the. planetary gearing to. th£ range 
planetary systems. When ori<|^of the range clutches is engaged, tne power \yill flow thfougii 
the transfer drive gearg to the' output shafts. " 



CONITKX VMVf 
•OOY AS4Y , 




. lUN OlAft 



pOtlVI QtM 



OUTFI/r 



2) 



Application . The torqmatic transmission is used in 
Ib^deri- and the 3*-ton hydraulic crane, VaViations 




Fig 3-29. Torflmatlc transmission an9 selector j;alve a^se^flbj'. 

►rklift, wh^ed.tractor^ scoop— 
planetary system will foun^ 
in^ other itemp of equipment and other components, illich as the wheels of the MRS-100. . 
^The transfer drive is arranged to provide front and rear 'output shafts arid a xttethod of 
driving accessories. , ' , 

3) Maintenance . . Maintenance of the torque converter ^ndthe tox^qmdtic tranwnission is 
. llmitedKo changing the oil and replacing^ the filter, t\\e pir^sent time, faulty trans- 
missions are replaced with a new or factory rebuilt ^unit. ' Most problems you eocounier 
will b6 due to improper operation or neglected operator's maintenance. Remembei^ that 
0 there is friction within the unit and friction causes heat; N^VER allow the converter- 
out temperature to exceed 250^ K The transmisrfion ^Clutches are engaged by oU pressure 
arid rel^^sed by spring; if ther^ is no^oil or oil pressbre/^'the item Will not move. Broken 
^or weak springs or a restricted oil passage will prevent th^clutchfrcjm 1-eleaaing. Before 
servfcing the equipment, you should refer to the specific TM for the item of equipment. 



r 



PROPELLER SHAFT 



.Introduction, The vehicle *s power, having been transmitted through 'a component ^ufih as 
the IransmiBsion, is chrried along^he power (train by a propeller/ or drive, shaft. Propeller 
shaft i3 the\cotYimon term; hQw^vor, either can be us^d and is corregt. In anmpWbious x^ehlclea 
both terms are used; propeller shaft, 't# indlcat^\he de;vlce that carries power to propeller/, 
and drive shaft to indicate the device tJhpit delivers power to the wheels. The propeller* sha'ft 
may be either feolid or tubulqr. The twisting stnMS in a fehaft varies from zero at the axis to a 
maximum at th(? outsid^. Since the center of th«P^iaft resists onljr a small portion of the load, 
hollow shaiats are used wherev§r practicable. It ^ attached to the components such as the 
transmission and differential of automotive vehicles by a universal irtnt or joints, thd slip joint8( 

b. Slip jo ints. ' • " I 

(!) Because flexingW thd springs, component mounting, or operation cause the component 
. housing to n^pve fo.rward and backward, a slip joint is installed. This allows the pro- 
V pelleii shaft to lengthen and shorten as 3t'equiredi>y operating conditions. ^ 



i2) 



A slip Joint coi^ists of a mh\^ and a female spline, a grease seal^ and a lubrication 
fitting. The mafe spline is. an integral part of the propeller shaft (fig 3-3,0) and the 
f^niale portion?-^ fixed to the universal joint directly Behind the driving component, "As 
the comp6nent.»using moves forward and backward, the glip joint gives freedom of 
movement in a hbrizontat direction and yet. is capable of transmitting rotary mptipn. 
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F Fig 3-30. Propeller shaft disassembled. , 

c. Universal joint . A simple universal joint (fig 3-31) is composed of three basic units: 
one journal^ and t>vo yokels. The construction permits each yoke to pivot on the axis of the jour- 
nal, and carries the rotary motion from one yoke to the other. As a result/ the universal jbint- 
can transmit tl\e power from the engine through the pi^opeller shaft to the differential, which is 
constantly movi;^g up and down in relatipn to the framci. 




Fig 3-31. Simple universal joljit. 

<1) Cha r^teristlcs of vjniverBal joints . A peculiar characteristic of thte^iversal joint is 
tiiat it .causes' « driven shaft to rotate at a variable speed with respect to the drivfng 
shaft. This variation is In the forin qf acceleration and a deceleration of the spfeed, 
twice during each revolution of the driving shaft. 

This variation of speed cannot be eliminated when a simple universal joint is uped. 
Its effect can be minimized, however, by usjng two universaUjolnte (onfe at eacjhwnd of 
the shaft), if only one joint is used between the transntiisslon and the ^fferentlal. the 
acceleration and deceleration caused by the joint is resisted on one ?nd by the engine an^ 
on the other end by the inertia of the vehicle. The coitibihed action of these two forces 
produces great stress on all parts of the power train, resulting in a nonuniform force ^ 
being applied to the wheels. When two universal joints are used, the second joint com- 
pensates for the speed fluctuations caused by the first. To accomplish this, the angle . 
between the transmission shaft and the propeller shaft miist be the same as the angle 
between the propeller shaft and the differential. Another requir.ement^ is that the two 
yokes of the universal joints, which ar^ttached to the propeller shaft, be in the same 
plane If the yokes of the joints attached to the propeller shaf.t are in the same plane, 
the driving yoke of the firpt joint will be at ^n angle of 90° with the driving yoke of the 
second. The two yokes attached to the prop^ler shaft act as the driven yoke of the 
second joint. With this Arrangement, the fir^oint is prodticlng its maximum fluctuatlt^ 
at the same time the secondjoi^it is producing Its minimum fluctuation. This resofts in 
« nonvarying wheel^wsfidy^'^^gj^n engine speed, even though the speed of the sflaft 
between the joints is constantly changing, - 

<l ' . ■ 

In a universal joint, bearings are included at the fMr pointrf^where the journal is, 
attached to the yokes! In adcMtlon. one of the yokes usually incorporates a splined slip 
joint. In one type of universal joint the joint itself incorporates a feature that permits 
variations in length of the propeller shaft. 



(2) 



Journal-type unive rsal joint . There are sevei:al variations of the journal-type universal 
joint two of which are shown in figures 3-3^ and 3-33. The universal joints of this type 
vary'from each other mainly In the manner in which the journal is attached to the driv- 
ing «nd driven yokes. For example, in the universal joint shown in figure 3-32, the 
journal is assembled In the shaft ^nd slip yokes; the bearing assemblies are inserted 
from the outside, and are secured by spring bearing retainers inside the yokes. The 
bearings on the transverse ends of the journal are clamped to the flange yokes and 
secured outwai:d movement by <^rlng retainers. The unlveicsal joint shown in figure 
8-33 differs from that shown inl[gure 3-32 in the manner in which the journal is attached 
to the flange yoke. In this universal joint, the bearing asJ^embly is contained in bearing 
blocks. The blocks « re mounted against the flange yokes and secured with bolts extend- 
ing longitudinally through the yokes. ,* 




Fig 3-32. Journal-type universal joint with journal assembly in shaft and slip yoke. 
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rig jQurnal-type universal Joint with Jpurnal attach©^ to flange yoke. 

(3) General po lrits, 

(a) The universal Joint just discussed I3 the mo3t common on Marine Corps vehicleB, 
Other typea of joints may be found, especially on yehicles with 4-wbeel drlve^here 
n constam-veloclty universal joint tnugt be uged in the front axle;Ut reduces ^p^ed 



(b) 



(c) 



vurlations. For more detrill on spec<Ul universal joints, check the TM. 

Most universal joints d6 not require any maintenance for the life ojf the unit, 
may require disassemttly and lubrication periodically. 



Others 



Worn unlveMal joipffs will make noise* Check for worn universal joints by turnlnAk 
the propelled sh^ff by hand. Excessive backlash or looseness can be felt by hand 
pressure, ' HdJ^hness at low to ipoderate speeds often indicatesrworn universal joints. 



DIFFERENTIA AND FINAL DRIVE 



The propelling power train must be divided and directed to eacJyrf^-ivlng wheel or track. 
This is Qcoonripllshed by a differential or a final drive. The flow of |{ower is turned 90**, The 
methods of directing the power flow fo/" representative items of eqi^ment are dlsouss^jd^below. 

^- M37 crane-shovel. This vehicle uses a differential similar to that shown in figure 3-34, 
It Is located near the center on the underside pf the lower base assembly. The power enters at 
Ihe vertical propelling shaft (pinion shaft) Wd ^rotates each differential propelling shaft (axle shaft). 
The bev^l drive pinion spUned to the vertical propeUlng shaft rotates the ring gear (bevel drive 
gear). A differential oase is spUned to the ring'gear and rotates with it. Enclosed in the differ- 

, entiaUfcape are four differential pinion (spider) gears and two differential side gears. These gears 
are i|f mesh with Ach other, but are free to rotate in the differential case. The differential pro- 
'pelliftg shafts (one longf and one short) are splined to the side gears. If the resls^tance is equal 

*on both side gears, they do not rotate in the differential <:ase, but tu^n with the assembly. When 
there Is more resistance qn one side gear than on the other, it tries'to etop, \l'hts ^lU cause 
the plnl9ns to walk around the gear with the tnost resistance. The pinU)ni b^ngYn- mesh with the 
other side gear cause i^jp t^tate. The difference. in the jgear ratio will cause it fe^at^ faster. 
As soon as the resista^e ^eiqpiializes, the pinions and side gear^ stop rotating independently and 
rotate as a unit with t» rlng gear and differential cas^. . ^ " 




m¥fMHUfX CAtI 



Fig 3-34, Differential with part of 'differential case cut away. 
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b. Grader. Attached to the re^r of the grader lower transmission, is the final drive assemliiy 
(fig 3-35). It turns the power flow 90° juSt as a dlfforentiftl in other machin^?, but It do6s not 
•ll/>Vy one wheel to rotate while the other Is being held. Wheels on |{oth si(A,»f-the grader are 
receiving power when power is being transmitted through the final drlVe. Power Is transmitted 
by the bevel pinion gear, wtilch Is made as a part of the lower transmiesipn pinion shaft, beipg 
in me»h with and rotating the ring geajr. The ring gear is keyed to a shaft and buU pinion; 
the component Ib called the'ljack shaft aaaembly when th# ring gear and paiHrf are assembled. 
TWbuU Pinion Is In mesh with and rotates a b^U gear. SpUned tft^ach side of the bull 
geilL»re axle sh«rts which tranjsmlt the power to both tandem assemblies. The gear on the 
low3ptransmlsslon |Anlon shaft aVid the ring gear are the spiral bevel type. This provides 
more tooth contact and quieter operation. The bullj[ear and the bull pdnlon ar§ the straight" 
•pur gear type. The bull gear and tl\e jack shaft ass^ipbjy are mounted on tapered roller 
bearings which require adjustment. The bearing preload Is adjusted by adding or removing 
shims on the jack shaft assembly affi an adjusting nut on the bull gear assembly. 





Fig 3-35. Final drive assembly. 



c. MRS- 100 wheeled tractor . ^ ThlsA'ehicle Is equipped with two identical axle assemblies. 
■The only difference between the two is" the manner in which they are connected to the tractor. 
The rear axle has a rigid connection with thfe tractor frame. The front axle is connected so that 
it can swivel, preventing tors'ional sttain when travelfng over rough terrain, . Each ^xle consists 
of an axle housing/ a differential, two axle shafts with Qpnstant-veloclty-type universal joints, 
two steering spihdie groups, and wheels. Some of the parts other than the differential will be . 
dl80U*«ed briefly because they must be removed to perf&rm differetitial repairs and -must be con- 
sidered when 'diagnosing problems. « ■ . ^ * ■ 



( 



I) Axl 



0 



Ax^e assembly . The differential (fig 3-36)' used in these assemblies is very similar to 
the differential used in the M37 *crane-shovel. It performs four functions: transmits 
torque' from the drive pinion to the axle shafts, changes the direction of rotation of the 
drive parts 90°, provides- for a reduction in the double-reductidn axle, ariti allows one 
wheel to turn at a different rpmTfrom the opposite This tractor is also equipped 

with differential lock ^ch prevents wheel-spiprvfng where the traction is poor. When 
the locks are engaged, t||^ two wheels will rotate at the satAe rpm regardless of resist- 
ance. The a;)cfeJ8 a d^le-xj^duction axle assembly; the first r^duction.ls in the dif- 
•ferentUl and the s^l'^^dM^n is in the rilanetary gearing in the wheels, Power from 
th^ -propelling shalWBp-^the 'axle housing at the drive pinion. The drive (ring) gear is 
bolted to the dlffer^WFctS^e and.is in mesh with the-drive pinion. Therefore, it will 
Votatft when the drive* ^6^^«)t<»J«s. The differential pinions and dlde gears fun^^tibti 
Uie same as those In thMMT^trailB-shoVel differential unless the differential locks are 
engaged. The^e shat<f <^ate'"Vfth.the aide gears or the differential case. Splines on one 
side of the dlffWentlal c JlSe and a spUned sleeve on one a^le (fig 3-37) aljow the operator 
to lock that axle shaft to the* case- by moving a collar to engage both s^ts of splines. With 
the axle shaft splliied to the sfde gear and locked to the case, the side gear must rotate 
at the same speed as the case. This prevents wheel-spin because one sW* gear must 
rotate faster and one slower than the differential, case during wheel-spiff. 
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Fig^-3<r. Exploded view of MftS-lOO wheeled tractor dlffitrential. 
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It was'^gllited eait'^o^ in thie epui^A/tba^t/uti.^o^^s a $f>ecial uniyer.«^nl joint is used there 
will be fluctu^tlort in tbp. j^peje'^c^ -^Ji)^^ Tq pVev^^nt thil^, a ♦pnstant-velocity uni- 
versal \oin\^ \q )^^^ The universal jdint provides 
a mean^ of tra!>smiUlnjB5.j;^i^^ they are tuwed different angles. The 
spinqt^e group (fig 'Q^3^)^^ye^ $i$/^^ of supporting ^and $t(?erlng the%^heels. It also 
houses the Qonjs^if^yy^^l^orty UritV Rernoval of the spiiidle group is necessary 
to remove the dijft<j]i^ent^Vf;^^ v . ; ' • , / 




V 



Fig 3-38. Constant-velocity universal joints. 
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- Fig. 3-39. Sectional i^iew of axl^r steeping'^nd. -^^^ 

^^^f^^^'^^t^" tPtfV^^^^ tfc hiclcs. The ax^^pssemblies used on the MRS- lOO^ wheeled 'IracJ^or 
to those used on owfer wheeled vehicles. Somet parts of tTie axle as- 



rnilar 



aro-ver^ si ..^^ ....^v,..-.. ►^w.w^ip«..o w. ^.^ ^o- 

somblies are intei^changeable, but be sure to c)ieck the stock number before substituting 
" ' The'axle assemblies of the MRS- 100 tractor, the MjSO crane, th&8C(50p 

Howev^^^VffSome of the .vehicles are not eqi^pppd 
ennblies are tiot steerable. 



one of the parts> 

loado^r, and the forklift function alike 
with diffcre4itial locks and sonie of tho a 
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AUXILIARY ^QUIPlViENT' 



£tefi. In a hydrauUc aystem, pressure applied at one place Will be transmitted by 
lh« llqull^hrfiSSiU the system. The hydraulic syil^ems Msed In engineer equipment work on the 
principle ti^rtA^ Uquld cannot be compressed. 4i>other hydraulic principle Is that a farce ex- 
erted at rfny point on a confined liquid wljl be distributed equally in all directions throughout 




the system (f^g ^-1). Hydraulic pressure and pi^p^ area providei mechanical advantage, 
ampje, the 5 Tq in. piston in figure 4-1 with a ipKht of 20^h gives a pressure of 4 'pou^ndc 



For ex- 
s per 

square inch (pslK This example can^be revers^ed and you can visuaiii^e that 4 psi is developing 
a total force of ZO lb (5 sq in. x 4 psi) on the large piston. .Travel distance of the piston is 
related to the volume displaced. Volume and travel distance are illustrated in figure 4-2. 
,Note that the small pisUm musjt. move 4 inbhes to displace the volume of liquid required to move 
the large piston l-lnch/^ . ' 
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.Fl^**-!. Distribution of hydraulic pressure. 
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Fig 4-2., Pistop lavement and 
volume displacement. 



b. Basic hydraulic system gpmpon^nt& (fig 4-3). HytlfSulica can be used to push, pull^o^ 
turn components for operation. Some of the sygtems'require a large volume of liquid for « 
opera tion while other systems are-similar to oR hydraulic brake system. ^ 
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Fig 4-3. Components and flow of basic hydraiilic system. 
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(1) Oil pump / The oU pump 1^ a device foi*'converting mechanical energy into hydrauli^ en- 
orgy. It^an be driven directly from the engine or 5y one of the vehicle components. It 
can also be^ised to s^rve more than one^eystem. There are various kinds of pumps, 
such, as plunger, gear, and vane used irihydrauHc systems. These can be further classi- 
fied a« poflltive or^non-poaitive diflplacement types. They are rated according to th^ 
volume of output in gallons per minute (gpm). Regardless of the type or classification, 
they can also, be a fixed or variable volume type. The^fixed volume is changed by speed 
only while the variable volume, pumps have mechanical means for changing the volume. 
Pumps do not create pressure, but they produce the flow nece^sary^Q develoji^ pressure.. 
The pressure is created by a resistance to the flow. For e^^ample, a pump will cause 
liquid to flow through a line until the line is closed and it fills. If the pump Continues to 
operate, the addition of more fluid will develop pressure. The pressure will act in all 
directions and restrict the flow, -The flow from a non-positive pump can be stopped by 
this pr<|ssure, but from a positive displacement pump someTprotective device is required 
to prevent damage. ^ 

Gear-type pump. There are both positive an^non-pos^ive displacement gear-type 
pumps. The punip illustrated in A, fig 4-4 is a positive displacement type which is 
used most oftemii^he engineer equipment hydraulic systems where high pressures and 
volume are required. One of the gears is turned and drives the other (followerLgear. 
As they rotate, oil is trapped between the gear teeth anql the pump housing and pushed 
out the outlet side. The gears mesh closely and have very little clearance between, 
» them and the pump housing. ^ * 

A 

• J 

(1>) Vane-type punnp. Vane-type pumps can also be positive or non-positive displacement 
types. Tl^^ump Illustrated in B, fig&re 4-'4 is ai positive displacement type pump. It 
has a slotted rotor which is off centrer to the pump housing. Fitted into the slots are 
, the vanes whicTT are free to move outward, but 6ide movement is restricted by the 
pump housing end plated, OAsorte pumps, the vanea^may have springs which push 
them outt^thc housing whilelothers depend upon centrifugal force to keep them out. 
As the r^mov rotates with the vanes, liquid on the inlet side is trapped between the 
vanes, thp rotor, and the pump housing. Siftce the rotor is offset; the liquid is ^ 
squeezed out on the outlet side of the pump. * . 




A. , Gear-type pump.* B. Vane-type pump. 

Fig 4-4. YDil pump. 



(c) 



Reciprocati ng -type pump . A simplified recipi^catmg (plunger) is illudtrnted in fig 

Th^"re"are many variations of this simple pump, but the principles Of operation 
are basically the same. It is a cylinder equipped with an inlet and outlet check valve 
and a piston. For 9ome application^ the check valves are replaced by ports which 
are opened and closetl by the pump piston or by another piston. One such application 
is the brake system mester cylinder. Some hydraulic engine gc^vernors also use 
this type pump. These pumps are normally U3«d where large volumes are not re- 
quired As the piston moves awoy from the inlet port, a partial vacuum allpws the^ 
liquid to forc^e Inlet check valve open and fill the cylihder. When the piston starts 
in theapp^ie direction, the pressure builds up and forces the inlet valve closed and 
the -otftiet valve open. - " 
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Fig 4-5. , Reciprocatlng-type pump. 
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"(2) Supply tank. The supply t^nk iTs large enough to supply the/Complete system and to 

maintain a reserve. On some vehicles the supply tank may serve more than one system. 

(3) Oil strainer. The oil strainer protects the hydraulic pump by trapping the large^ par- 
ticles 6t ^orbign matter that, may enter the auction line,. It may be installed in ^he tank 
or in the suction line as Illustrated. ' ^ 

(4) Valves* Valves are used in hydraulic systems to control pressure and the direction and 

The valve name is generally related to its function such as pressure 

There are too many valve configurations to cover them 



rate of fluid flow 

control valve or relief valve. , . - 

all, but representative type pressure and directional control valves are discussed below 



ri t:no ux.: v,v....x v,. There are four basic types' of pressure relief valves: pilot 

type, differential piston type, guided piston type, and spring loaded poppet type. The 



(a) Pressure control valve. 



pressure relief valve is the most common of the pressure control valves and is used- 
to protect the system from overload. Figure .4-8 illustrates a simple spring-loaded 
poppet relief valve. The system pressure works against a springs-loaded poppet ball. 
When the systenf pressure overcomes the spring pressure, the ball will unseat and 
allow +he fluid to flow to the supply tank. When-the system pressure lowers, the spring 
will cause the ball to seat arid stop the flow. Some valves of this type are adjustable; . 
the pressure setting is changed by changing spring tension. » ^ 1 
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Fig 4-6. Simple ntli^ valve. 



<b) pireotional control valve . Thie valve directe the fluid Iflow to the deeired part of the 
hydraulic system. Soine of the valves work automatically, but the one illustrpited in 
figure 4-'7 is moved by the operator or another force. The vab(|^ shown blocks the 
fluid *flow or openp ports to allow flow. It will allow the fluid to^ow in one direction 
only, but there are valves which provide pilssages for fluid r^urn and bypass. Study 
the illustration and you can se^ that when both large passaged are open tlte fluid flows 
to the work. By moving the npopl valve the passage from the pump can be closed off 
and stop the flow, but th? fluid lo Ihe work is also trapped. The drains &t each end 
prevent leakfige by the spool (hjrdrontatlc lock) causing the Valve to lock in position. 
By combining two of these valves, a return passage for the fluid from the work could 
be provided. ' ^ 




(5) 



(6) 



Fig 4-7. Simple directional control* valve. ^ 

Bam cvlinder. The ram cylinder Is connected by linkage to thfe part thafis to be corf- 
trolled. 6ii enters the cylinder on one end and foi*ces the pistofi to move; as the pis- 
ton moves it will force out the oil on the other side of the piston. A'hhough there is 
only one ram cylinder iUustrated (fig 4-3), most hydraulic systems will have several. 

Lines. Th6 lines carry the ail through the system. They may be pipe, tubing, or ^ 
flexible hose with strength enough to withstand the pressure. The line rnust be larg« 
enough to carry the volume without sigpifi^can^ loss. ^ 



c. Maintenance . General maintenance of the^ system consists of keeping the supply tank filled 
to the proper level with the proper Uquid, fhanging the filters or cleaning the strainer; cleaning, 
and repairing leaking connections. The most important single Item of 'maintenance that will insure 
trouble-free operation is cleanliness; clean oil, clean filters and strainers, and clean veAts. 
Most hydraulic systems ^except brakes use a light mineral base engine oil (such as OE-10). . The - 
oil must provide lubrication and transmit the power; it should also have a wide operating^ 
teniperature range. ^ / 



d. A pplications . Hydraulic systems are used^to control or assist in controlling clutches and 
brakes, to power attachment HQs and hoists, and to operate shop tools and equipment such as 
jacks and lubritcation equipment. ^ ' . ' . 



4-2 



COMPRESSOt^ 



a. Application . An air compressor is usedjko "supply the air requirements for air-cohtroUed 
componeni^s of engineer equipment. It provides the air fpr airbrake systems, for tires, for ^ ^ 
cleaning, atid for air-operated' lubrication equipn>ent. ' > - , 

b. Operating principle . Construction oX^the reciprocating compressors (fig 4-8) uped on Mailne 
Cor^s engineer equipment Is similar to the Ihtei^dl-comhustion engine. They are belt- or gear- 
driven by the engine. Afi'tlfe crarikshaft is tftrhed, the piston moves up and down. On the doWn 
stroke, atmospheric pressure forces th? uinloading valve off its seat and fills the cylinder. When 
the piston starli ufi and the pressure -has become, equal on both sides of the valve, a'sprihg will 
close the' valve, trapping the a>r in th^ cylinder:. Note that this Unit 'does not use a. camshaft to ^ 
open the valve? The pWton continues upward compressing the air, and when the air pressure is ^ 
pufficient to overcome spring tensiort^bf the disch^rge^ valve, it pops open and the air flows to the 
air-receiver. When the air pressure in the receiver reaches the set psi, the air governor func- 
tion)^ and directs thp air pressure to operate the unloading lever. The unloading lever holds the 
unloading valve open and the pjston cannot compress the air enough to overcome the discharge 
.valve sprihg tension. V 





<» 1 



Fig 4-8. Two-cylindeT, self-lubricatfed, i^ciprocatlng air conipresdor. 
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4-3. EL.ECT:RIC/VJ-SYxSTEJjj^ . ' ^ ^ • 

^* IntroducU ori> The ctlectrlcal system coqsisla'of a generating (charging) circuit, starting 
circuit, ignition circuit (not required for all equipment), ligiiting circuit, and Instrument cirquit. 
jhe mechanical operation of the many parts ai\d components used In the^e circuits can be observed 
and understood, but the force (electricity) produced, transmitted, and used by them Crahnot be seen 
and Is difficult to understand. Only the behavior of electricity can be observed. The physical com- 
pon<5nt9 can be repaired or replaced, but a knowledge of electricaUth>t>ory is necessary to test 
the components and diagnose the problems which m&y arise in them. ^Th^se theories are discussed 
in other MCI co\ir3?8 and some TM's. Because the theory will have an effect on the test readings 
and observations^ sbmeVasic points are discussed bVieWy in this course to erfiphasize their im- 
portance, . ' * ^ 

** 

(1) Direct-current (d.<j^) electricity flows in only one direction. It flows from the negative 
I battery post br ge^nerator teigattinal through the circuit and back to the positive battery 

post ;or the generator jframe, «^ ^ ^* 

(2) It requtrcB 1 v^olt to force 1 ampere through 1 ohm of resistance. Resistance is af- 
fected by the size (diam^er^and length) and (Composition of a conductor. 

(3) Cu^.ent flLPWlfig through a coiiidvictor wilU^ create h^i innhe cohduQ-tor and a magnetic 
field aro^'tid it. Electricity is produced by moving a conductor through a magrtetlc field, 
and current flowing through a cond^uctor can be used to produce a magnetic fieTd, 

b. Charging circuits The function of the charging circuit is to k^iep the Storage b$itterles 
charged^ Thp circuit consists of a generator or alternator, ■ voltage re^^ilator, amnieter,, bi^t* 
teries, and conductors. The battery is the source of electrical- energy when the engine is 
stopped. When the engine is idling too slow for the generator to supply the electricity, 6r yhen 
th^ circuit or some of its components fail. Th*?^the.r part$ and component^ of the circuit trans- 
mit, control, measure, and use the 'electricity p;roduced by the generator 9r the^W 

(1)* Generator . Most engineer equipment Is equipped with a generator tg convert^mechani- 
cal energy ffpm the engine into electMcal'energy, However, some of the ilev)er Items 
of equipment are equipped with an alternator, Both ^components provide dc ele9tricity 
for charging th<S battery or supplying thp other electrical system coniponent;^. 
componepte produce alternatifig current (a. c); howey«r,*the ^eii^rator uses brushes to 
pick up the current froA a commutator and does not get the ac. The altejtiat6r picks 

* , up the current from a iatator andf Ihust pass it through a dio^k or rectifier to 6hang^4t 
to dc for use^tn^the electrical system. A diode or rectifier will allow tbe current to flow, 
one way, but will not allow it to flow ,the other. By using a spcfcific number pf diodes, ay^ 
p'f the current produced by the alternator ian be used ^vfeile 6nly half of that producecl by a 
generator is picked up and used. Either one is deliigned to produce sutflcient 'current 
io keep the battery fUlly charged ahd have suffidient reserve To carry the load of the 
other electrical ey6tem components. They, produce enough electricity to destroy them- 
selves iLnot properly controlled. The current produced depends on the number and 
length of conductors tjiat pass through thd m^gnilAG field,, the stre^h of the^magnetic 
field, and the speed of the generatol- (the fipeVd a!ff\ 



V 



Fwhich the conductors jpaas through the 
magnetl^ field). The rpm is, related to the engkke rpm, buf thia i^ not an effective 
methotf of ^Controlling gen^ratdr outpm. However, the rpm can be ch?inged by . changing , 
the diameter'of the gerterator or engine drive pulley. Output is mO0t effectively con- ' 
trolled by changing the strength of tHe rhagneti^ field. The magnetfe field stren^h is ^ . 
controlled by 'the amount of cirrfent flowing through the field coils, JSome generating 
component^ are tontroUed by internal resistance or parts while Qtj^j^rs^are controlijed 
by externar parts or a fcombihatidn of internal and* external parts^^^^hese parts, whether 
internal or external,, change the amount of resistance to the flow of current in t^e circuit o \ 
that produces t;^e jpagnetic field. FiguVf 4-9A' shows the path of current.flow in a 
standard-duty type shunt generator. Npt^ce that 'the field coil is connected to the Insui-* 
ated brush and is grounded oUtMtf the generator. This^circuit is also jitinown ae'an "A"' 
typ^ ciTf^i^it, ' Figure 4-9B Is a^eavy-duty ^ype circuit of a shunt gfenefator. Notice that 
'this generator, has the field' eoH grounded to the grounded brush. This circutt is also 
known as the "jB*' typ^ circuit, ' . . • ^ 

■ ' ^ ■ . ■ • - - • ^. . 

/ 4-8 X . ^ 

. • ' ' - .■ ' ' • ' • ' - • 
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Fig 4-?-. ^^A'Vand "fi'* typ^^^unt gents ratprs. 
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\ There are also other iype^ of generator, cfr^lts^in use. ^'igure is a'>ctitwa^ view 
of ^ alterQAtpr.*; Th0 A^ld coils of thi0"comp<^e|it rotate with the rotoir while .the bur- 
rent iB prt)dUced ia the^ stator'wiriaing.. Gui"^r^nt flow for the ft«ld^ but pdt ^for external 
us^, id transmitted through brushes and slip Mings. A'newjef alternator is presently > 
being^llBt«d fbr uae on ehglnee°)r equipmetf#; ft/is a'long-life, Hsit^fnally controlled, 
sealed ^anit,, with only-pne'ex^e^^ . ' V \ ; <I5 \ 
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Fig 4-10. Cutaway view of typical alternator. 
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(2) Regulator, This is ihh component th^ pvtectn the generator by regulating theShir^ent 
and voltage output m<X disconnects the battery from the generator when the general^ is 
not operating. Figure ii» a wiring diagriml of^a regulator for Jse with externally 
grouncied generator field windings. The windings of the cuto)it 5relay and current and 
voltage regulator un^ta pi*oduce magnetic field to open or close contact polntei^ to pon- 
trol current flow through the generator field. Magnetism from the windings is opposed ' 
by spring tension. ; Notice? th&t this regulator ali«|o has shunt windings to oppose the series 
windings^ There are several ^es <^ regulator assiemblies^^ each designed to be i^sed 
with a particular type \>t generated and electrical system. For exan&ple, a regulat()r 
such as the^ohe in fiigure 4-11 is'^d^igned to be used wfth a generator like that Jn figure 
4-9A. Figure 4-12 is a wiring diagram of a regulator used with alternators In/i negative 
ground circuit. In this system, the J^ery connections are very important., 



■ / 
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Fig 4|'-12, Schematicoof alten^ator^^rging circ|nit. 

Ammete r. Thisf ctoi|H^ in serief^ befWeen the voltage regulator as^^ 

bly and the battery Vfig 4-11).; hi meas^iye's the amouut'of current flowing Ja the cirdmtT 
It also serves a6 a terminal to/supply otker circultfi with^ electricity. When the con-^ . 
ductors ^re properly installed, th^ ammdt^r will show the amount of cilrrerit flowing to 
or from the battery except th^ current Ui^ed^by the crtmkirf^motor. 

Conductors. Conductors used i|i the circuit are a specific size "(diahijBter)^ and^com- 

i^^^K 1*^:^.^ \ount of resistance, the%ame-:j. 

CohOTctors are used through^t the 



position. AUhough the length l>&|| conductor affect 

^ ter arid composition gre the^most importap| factors. ConOttctors are used through<^t the / 
electrical sj^stem and they n^st be large enough* and^'of a c9mp96ition that will allow thtf J 
current to flow freely unless specified resistance is require^. They must be insidated 
to prevent ^horting of the circuit. The connectors must be tight to the conductor and 
clean and tight at the te}f*mlnal junctibns. ^ " * ^ 

; gtarting circuit, Thirf part:;of th|6 electrical sy/item uses efectrical energy from the storage 
battery to crank the engine.^ The l|asic components of the circuit are 4he conductors, swit(?hes, ^ 
and a cranking motor. The"^ conductors trai%nit tfie electrHfeal energy, tlie switches open and 
close the circuit, and the cranking motor' converts eleptrical ehergy into mechanical energy. 
• Any starting circuit performs these bajsie functions, but there are tntojr dmgns, each with 
various parts and compmenta. Solenoids may be used to operate thie ei^itG^i and en|[age the 
cranking motor drives. A solenoid will require an electrical circuit to cpntro} its operation. ' , ' 
The soleAoid has a winding that cre^tes^a magneti<; fiel4 to move linkfige arid {)erforln its opera- 
tion. Although it is a i^eparate circuit, it ib considered part of the sfcf ting circuit/ The crank- 
inc motor is conetrdoted like the genera^r, but the interna]^ wiring is designed io ci^eaW a 
mJbh stz'ynger mimetic field. It oper'aWiB on the principle of magnetiq repulsion t like mag- 
netic Mjts repel. The field and krmature windlngB! will allow more current to flow with less* 
resislKnce than a generator and create stronger rnkgnetic fields. Current transmitted to the 
cranking^ ipotor divide;?; somejTlows thrbugh ihe field coUs to ground and some through brushes 
to thp cdmmutatc^r, armature, and to ground. "iThe two magnetic forces repel each otltf»r and 
cause the armature to rotated A drive assembly ogfhitected til the aritfature either engages 
the engine part f^utomatically or is shifted Into eh^gement by a splei)pld^ Son>e solendid«' ar 
designed to engage the dtive and clq^e the starting circuit, others just close the circuit or 
connect more, batteries in sek'ieB te^ increase the voltage available for craving* The amour 
of ourrenMlowing through the circuit iji limltCK) by the condition ^nd capacity of the battery 
and the resiatance of the parts* ^However, there is sufficient current to destroy the' cranking 



motor. To prevent thls>deitruQtlon^ never opejrate the cranking motor longer tlian 30 seconds. 
Allow it to cool for approximately 60 s^econde before rocranking, 
r 

, d. Ltghting^ circuit . This pArt of the syotem provides the circuitry and components necessary 
for Ulumrnation and for warning lights. The oirtsuit consists of con4.uctors, fuses and/or circuit 
breakers, switches, and light bulbs. It ia mad^ up of one or more circuits. The- light bulbs may, 
hfi single- or double -contact, bayonet- or screw-type/^or 3-terminal sealed beam. They may 
have one or more filaments which produce light. JWlost bulbs use the base as a ground, but some 
of the sealed units us^ one of the contacts or terminal^ as a ground. The contact or terminal is 
connectecl^to a wire that alsa connects to^he vehicle frame* Some lighting* circuits use two wires, 
others use only one. In the single^wire circuit, the veRi^Jfi^ frame serves as the .circuit return 
(ground). This is^he most common type in use today. The bulbs in a circuit, except the turn 
signals, are connected in parallel and controlled by a switch connibcted in series. The turn 
signals are connected in series on most v^hiclep. The filament of a light bulb is designed to ^ 
perform its function with a certa^ number of amperes at a specific voltage. An increase in the . 
voltage will cause the bulb to fail. The current from the battery may pass through a resistor to 
reduce the voltage, ^epepding oii^iy^voltage of tW system and the voltage required for the cir- 
cuit. A light bulb provlMs. resistance, bdt cirbuit breakers euid fuses are used to protect the 
wiring in <Jai?e i^shorts^ If the conductor. shorts, the increased flow of current through the cir- 
^cuit breaker will cause the metal contact in it to. heat and wat^p. This actipn opens the circuit * 
and stops the current flow. The switch provides the operator with a method of opening and closing 
the circuits The lead that provides the current for the lights is usually connected to the generator 
side of the ammeter or to a junction bl6cj[c in the circuit between the generator and the ammeter. 
Connecting in this manner allows the ammeter to show how much curiyent is being used from the 
battery^ to operate the lights^ mit it does not show the amount of current that \b provided by the 
geueratof for lighting.' a/ . ' 

: . 

e. Instruments. Some instrimients used on engineer equipment are electrically operated. 
They use a sending iftiit connected to a gage by a conductor. The sending unit mounted on tHe 
component (such as^he fuel tank) is 4 variable- resistance switch th^t ^activates the gage. Al- 
though emergency shutdown deVl^s are not considered to be instruments, they have sending 
units connected to solenoids or magnetic switches* Both typ^ of sBrfying units operate because, 
of levers, pressure, heat, electricity, or speed. Some of the sending units serve to ground the^ 
circuit; ot^iers, haTre two^ires connected, and open and close^ttie ciVouit between the two. The ^ 
gages react to the amount of current flowing through them. solenoid becomes activated aa - 

soon as the cir^cuit is opened or* closed depending on the manner in which it was designed to^ 
operate. The cutout relay is an example of a type of solenoii I that functions as spon as current, 
flow^stops. The splehoid used on theitarter ret}uires current flow to activate it. Some'^of the 
emergency shutoff devices have an ovCTriding s^itcfi that prevents operation of the emergency 
shutoff ^e^ljjits. ^ 

4-4. STEERINQ SYSTEMS 

^. ^ ■ ' ^ ' 

a* iftr eduction. ' The maneuverability of engineer equipment depends on the vehi<51e beiifg able 
to make short tumar It "must be easily steered while opjei'ating over the roads or in rough terrain, c 
Grawler-type vehicles use steering clutches and brakes while the wheeled vehicles use a rugged a 
automotive -type steering. Some systems have independent rear brakljflbo aasllbt steering' 

b. Mechanical . Figure 4-13 is a diagram of a mechanical steeriJ^Bichanism. The dperator 
turns the steering wheel which is conn^ited to a worm in the steerih^^^Hr assembly, ^he worrftk 
rotates a gear connected to a shftft and pitman arm. J{b the ar^ mOve^Rther^attached linkage 
causes the spindles and wheels to tum right or left** The steering kniickle ar^s are rigidly at- 
tached to the spindles. # V ^ ' ^ - 
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Fig ^•R,' Mechanical steering mechanism. 

The vehicle ought to be easy tt^t^er, and the-^effects of rough terraih on the wheels should not 
be transmitted back to tlie steering wheel. Figure 4-14 is one type of steering gear designed 
for easy steering. Balls serving as beaYings between the worm and gear reduce friction. How- 
ever, it stUl acts as a worm and ge*ar and if a foj-ce" is transmitted ^frorn the opposite direction 
the gear will rotate, forcing the worm to J6in4r * *%ttinding reduces the force transmitted to the 
steering wheel. ^ ^ Jr^ 




^1. Colujrfn jacket 

2, Housing, 

3. Ball nut 

? 4, Steering arm shaft 

5, Lash adjuster screw 

6, Sidq cover 

7, End cover *^ 



8. ♦Worm bearing thrust screw 

9. Worm lower bearing 
10. Worip »f jr; 

1)1. Steerifig 

12. Ball g^icljs 

13. ^ortti upper bearing . 



Fig 4-14. Phantom view of reclr collating ball-type^tecring gear. 
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p. Ppyt&r. The power steering system is pimllar to \he mechanical system, except thM hy- 
draulics are used to assist the opo?atcyr and. on some vetiicles, hydraulic components replace 
parts of the mechanical system. A control valve Is attached to the steering gear assembly so 
that movement q^'the worm gear In and out will move the co^itrol valve plunger. For thos^ 
vehicles steered by hydraulics Only, the control valve pUinger is controlled by the operator. A 
double-acting cylinder is attached between the vehicle frame and the steering Unkagf . Movement 
of the control valve plan|fer allows the oil to ac^t on the piston, forcing i.t In or out, wKlch causes 
the wheels to turn rjght or left. > 

i - ' . ■ ' 

VEHICLE FRAMES ' . ^ 

a^' Gene?ral . The wheels and frames of engineer equipment serve the same purpose as the 
wiieels and f irames of automotive vehicles; however, the framework Is oT heavier construction, 
the suspension -system is dif^rent, and some of the wheels contain planetary systems 

b. Wheeled vehicle. 



^ * ) Compone nts and function , ^ ^ ^ 

(a) ^FraflAe. The. frame supports and Keeps alined on the components of the power train 
"and vehicle attachments. It Is constructed^'ixt materials that will ^withstand twisting. 

^' » bending, and road shocks. It may be wejded, holted, or riveted together and on some 
• vehicles the case of the power tr^iin component is part of the frame. 

(b) Wheel^andj j fecle assemblies. The whae¥ and axle assemblies are conoected to the 
chicle ^rS^e and transmit tjie power flow to the ground. The axle assembly may. be 
connected s3 lhat It can pivot and absorb shock when operating over rough terrain. 
Within the wjHe housing Are gears arranged tp Increase or decreriSe torque and speed, 
and to ch^e direction of the powey^l^.w. Most assemblies contain a differential wl^ 
spider gears whlch^allow one.wheel to turn fastef thaa the other; undeVcertaln condi- 
tions all the power Is directed to one sld^e. The spider gears will direct the power 
flow to the side with the least resistance. , Bolted to the end of the axle housing Is ::he 
planetary ring gear spiderj NThe planet pitiion cage drives the wheel. Xhe axle Is 
spllned to the differential slde\gears and ha^ the planetary -sun gear attached to Its . 
outer end. If the axle is steerkbte. It will have a univi^rsal joint. Th Q,^ rl%s be- ^ 
tween the wheel and the axle housing provide a pivot point tor fron|^toaKr'ptvotlng. 
The center of one axle housing Is connected to the frame by a pin whicfT^i^ovldes a 
polni for the pivoting from-slde to side, — , . ^ 

(c) Pro peller shafts and universal joints . The propeller shafts^and Universal joints are 
^^^a component of the vehicle frame or wheels, but^ransmlt the ro^^ry motion from 
one component to the Ojther along the framework. The universal joint allows the di- 
rection of powerwflow to be changed slightly. Some propeller shafts are supported by 
bearings In th*drlvlffg component and In the driven component. Most propellei^ 
shafts have a slip joint that Iff Vee to extend or contract the lenfeth of the^propeller » 
sh^ft when distance between the\lrlvlng and the driven 'cbipponent Is changed due to 
operation oi«^raln. The slip Joint Is usually a loose-fitting Internal and e^rternal.. * 
spline. . 

c. Tra cked vehicfe. v ^ ^ ^ , 

(1) GenegaU "Th4 track frame assenril^ly of crawler-type engineer equipment support th|^ 
machiti^ and Its attachments and provides alype-bf platform (traeks) for the m^in?^ 
to travel across* Marine C(^pA track||l vehicles are equipped with either a rigfj^^ or 

^ a semfrigld-typfe track frame assembl^ - /-'^ 

(2) Rrgid-t ype trt^ck frames, these frames do not pivot In any dlfjctlon. Th«y providi? . 

' Btabllity for the vehicles when operaUng ©n level teri-ain. but a slight rise In theKterraln 
win cause the vehicle to r6ck. ' ^ ^ ^ t ' *" /-"^"^ 




>0) Semirigid track frames, Tfieao frames are attached to the vehicle In a manner thqit • 
^ will alloy tfie ossemblicd to pivoLup and down. One end of the assembly is b'earing- 
niounted to a ^haft on the vehicle irame, and the other end is supported by. a heavy spring 
ol*^ other shoQk absorbing assembiy mouVitet^ between the track framt- and Ihe^ehicle 
frame. \ This system will ^llow one trocK to travel over ^ hump while the oth?t track " 
remains on level ground. The oscillation of the track asse^mblies absorbs ffome of the 
jolts when operating over rough terrain. 

(4) Conipo nents and function o f track frames/ 

Tr ack asse mbly* The track assembly is composed of track chain and track pads or 
shoes. It is a movable platforfti 'for the vehicle to travel across.. Thp track chain 
is linked together and forms^ a continuous path that is laid ou\ in fiont of the track 
frame assembly, pickqd up after the vehicle has moved across', and pulled across the ' 
top of the track frame assembly to be placed again; The track pacjs or shoed' are 
bolted to the track cjja^ 

Drive sprocket, A drive sprocket or tumbler receives the power from the power train 
and propels the vehicle along the track. The drive sprocket is usually'installed at 
the track frarpe pivot point mounted on bearings on a ^haft attached to the vehicle 
frame. Marine Corps crawlW crane-shovels use a drive chain to transmit power from 
the propelling shaft to the drive tumbler which is bearing-mounted on a shaft in the 
tracl^ frame as^ennibly, ^ 

» ^- , . ■ . * 

(c) Traek r o llers and track idlers^ Track rollers arid ^ack idlers are mounted on^bear- 
ings on shafts attached to the track frame. The trafk rollers are mounted on the bot- 
tom of the track frame. They keep the track.assembly und^r the track frame and sup- 
port the weight of the vehicle. Flanges on the rollers' fit the track chain^nd move it 
from side topside. The track i<4lers mounted on top of the track frjjme support the 
weight of the track as- it is pulled across the top. Some types of <?rawler j^quipment 
have special rollers such as single ancf double flange which are to b>? installed at a 
specific point on the'track frame. Study th« Tl^ before replacing track roller^. 

(d) Front idler. The front idler, which is mounted on bearings, maintains track tension. 
ItyJiS designed to slide Aleng the trackTfram^e assei^nbly. An sidjv^sting bolt or hydranlic^,^ 
assembly is provided to move the front idler to tighten or loosen\he traclc. O^-AJP^fwle^ 
tiyctors. the adj\isting bolt is attacjied^o* a»shook abaorbing mechahiwf ta^*riffsorb the 
shob^5^j04i the front idler when operating over rough terrain. ^ ^^^-^^^^^^^ 

(5) Maintenance . It should be noted that the adjustments listed in th^^^^pific TM's are to 
be used as a guide/ When you operate in lopse soil, -such as sand,^^fe track chains^ 

. Should be loosened to prevent soil from bujlding up, in the tracks afid causing them^o 
bin^^ Vfrhen you operate in hard feoil such as rojiK, the track chains -should ^e tightened 
to prevent them from coming off. Jolting and turrtir|jg will caus^'the flanged rollers to 
jump the track chain and run off the, track, K^ep the track chains adjusted so that they 
^ill operate freely without beinjf sloppy.. .* ^ ^ ^* 
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APPENDIX I ^ ^ 

- ■ ' ^ " " 

MOS 1341 (W) , ^ ~ 

ENGINEE'lR EQUIPMENT MECHANIC (Engrf^quipMeclA 
^ ^ SSgt thru Pvt 

I. MOS DESCRIPTT©N , . , 

Smn mai-y : Inspecls, services, maintains and repairs cnglneer1Pf||p)Tnpn( . ^ 

^ Du ties and Taaks: Performs preventive maintenance and makes rcpair,s to die.sel eivj^nu-s ^ 
c\nd gasoliiae and diesel.drjven construction equipment such as. tractors; power shovels. roaO 
macliinery, air compressors; saw mills, concrete mixerrf, and other enj^iie driven consliWliun 
equipment. Diagnoses mainmctions of engineer equipment by viflfcl inspection, operational 'test 
.or by the use of precision Instruments. ^Disassembles, repairs™ Justs, cleans and instnlls now 
or rebuilt oompdnents. assemblies, parts, and reassem^bles to specified tojerante, us in/^ stand- 
ard or special repair tools and equipment. Tests irt accordance with recognized procedure's V 
Compiles data for repbria. Processes or prepares diesel engines ai!d conslructioh equipment 
for ^borage; deep water fording, landing operation<li?or shipment. Camouflages, protects and 
decontnminates engineer equipment, Enfpftces safety regulations and production standards, 

n.^ SI^ECIAL REQUI^^EMENTS ' 

1. Must be able /to manually lift fuel and lubricant containers weighing 40 pounds, 

2. Must be abUs to endure long hours of equipment operation lender all weather ahd exfreme 
• ' dust comlitions. - ^ ^ " . 

in. MOS REQUIREMENTS- ^ * ^ ^. : ■ ^ . ^ ' 



A. HASIC QUALIEICATIONS 
SSgt thru Pvl V 



1. Be able to.start, operate and service all, engineer equipment. 4 * 
2^,rWe able to perform preventive maintenance and n»ake repai^Pf-to engineer equipment at 
tile level appropriate to grade. . ' ^ 

3. Be able ^o perform complete sco{)e of organizational maintenance/' on encjine generator 
sets. * «v ^ 

4. Know safety precautions to be observed on and around engineer equipment and in shof) ' 
areas. 

5. Be able to understand and use technical manuals and other publications issued for the 
operations and mfilntenance of engineer equipment. ' 

(ji^j|Ce able to assist in the performance of commdFnd and technical inspections at the levcV 
appropriate to grade. * / . ^ 

7. Be able to waterproof equipment for deep wafer fording and' landing operatfons. , * ' 

8. Know generaPnomenclature^an^ princif^syece^ary to effect repairs to both di'tjsol \ * 



engines and engineer equipment. 

9. Be able to prepare anArfnaintain recprdfe an<\tf^eport6 ^ertainilfig to jmaintenance arid re-'\ 
of engln^r equlpmer^. ( ^ . ' / . ^ ' ■ • ■ ' ' 



paiV of engln^r equlpmer^. . ' / ^ , . I l**^^ 

10. Know types and desigrytions of fueUpW^d lubricants used iu servicing ^ngifceer Vq/?- 

SSgt tIfFu Cpi ' ♦ ^ ' ' .A ' ' /" 

.11, Be able* to use Smi care tor ^^reci^ion instruments and measuring devices. * ' . * ^ 
12. Be able to prepare gajaqlinp a^d^Iiesel en^tt^feVand Construction e^uipm'fei^t; for storage 
or sjiipnftent. ' ' ^ . . -J- " . ' . <■ 

J 13. '^e able to operate power tools, :'^uch 68 <j^rill8. grinders and valye facing macMh^ useV 
in engineer equipment repair- - . ^ , \^ ^ 

14. Know mo^thods of protectitig and'decontamt/iatlng engineer equipment, . \* . ~ 



SSgt and Sgl . ' . " . ' ' 

15. Re able lo diagnose malfunctions and lo overhaxil engines and engineer consifuction 

cquipnrienl, . , . H 

16. »Re able lo make repaiVB to power tools and equipment^ 

17. Be able to establi|6h and admfnister facilities Xor maintenanco and vo^iv of engineer ' 
equipment. . ' * 

18. Know regulations governlng'^ccountability and responsibility for igfovernment prapt»rty 
4 IIP pcrtoine to engineer equipnrient.' 

SSgt . - o" . ' ■ 

' . . - • . ^ 

l<y. Be able to make an accurate^estimalcof time and materials required on comtplex re|i«fr 

Vo. Be able to maintain an operating level of part.^ and materials. . . ' 

" '* ' ' ' ' ■ ' ' ■ \j ^ ' 

, B. SKILL qpSIGNATORS ' ^ ' ^ • , 

NONK , . _ / ** • 

rV, T/O BlLLfeT TITLES '^-^^ . . ^' ' ^ 

Engineei* Ecjuipmeni Mechanic * , . - ^ - . 

Equipment Mechanic - ? ' ^ ' 

Shop Mechanic ' - 
Automptlve- Mechanic * . ' , 

Engineer Equipment Mechanic Foreman - ' 



APPENDIX [I . ' - ' 

•PRirVEN'rrVE MATNTFNAN^K 

11- 1. MAlNTPJNANaip SYSTEM 

I ntrd( .lucttoir, The silftessful accomplishment Of engineer missions In gnrrlaon, in the 
field, and in combat dopenijs to a great extpnt on the proper malnter\aiice of assigned equip- 
ment. Maintenance can be described the action taken to keep material in, or restore male- 
(rial to. a sorvic^^able condilion.. It includes Inspection, testing, servicing, serviceability 
classification, replacement, r^jpalr, ^-ebuUdlng, and reMamatlon of equipment, 

Every Marine and every unit haa certain responsibilities for«tho Uiaiiuohance of Indivi- 
dual and organizational oquipmcDt, The Marine Corpsi maintenance system establishes a 
matntcndncc structure whlch'is designed to assist both the Individual M'arine and the various 
units in the Mar^io Corps^ln accomplishing their responsibilities in a timely and effective 
manner. You, as ftn •njineor equipment mechanic,, are member of the maintenance team, 
consequently, you should know your responsibilities and^thelr relation to thfc OVtfrall system. 

b. Categorieg aDd echelons of mait^tenance. The Marine Corps maintenance system is 
organized IntCh three categories of maintenance: organizational, intermediate, ,anc! depot, 
which are further broken d(^wn intp five echelons as shown in figure H-l beloMj,- 
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CATEGORY 


ECHELON 


UNIT 


PERSONNEL 


^ ^ESPONSIBILTIES* 

• — 


ORQANIZATiONAL 
> 


let 


INDIVIDUAL, 
UNIT> 


-V-^^ 

OPERATOR 

, k , 


INSPECTION, 
LUBRICATION^A 
JUSTMENTv OPERA- 
TION 


2nd 


DSG u^aTs 

SER. CO. 
H & S BN 

* ,DSG 

A 


MECHANIC 


REPAIR OR REPLACE 
PARTS, MINOR AS- - 
SEMBLIES; INSPECTION, 
SCHEDflfLED PM»s, ' 
MAJOJR ADJUSTMEOTS. 


^ MWSaljNITS J 
H fit 

FSSG UNITS 
INDI\ntDUAL 
BATTALIONS 


MECHANIC 


INTERMEpiATE 
<^ 


3d 
, 4th 

\ 


\ FSSO 

# MAINT BN 


MECHANIC 


*tEPAIR OR REPLACE " 
PARTS, SUBASSEMBLIES 
OR MAJOR ASSEMBLIES^ 


DEPOT* 


5th 


MARINE 
CORPS LOG- 
ISTIC SUP- 
PORT BASE,. 


MECHANIC' 

* 




OVERHAUL AND ,BE- 
BUILD, RETUPN'TQ/ 
StOCK. r 



Fig n-l. Maintenance system » 



c, ryctors affecting maintenance echelctfis ^ The echelon of maintenance at which a parti- 
cular repair or replaxiement is j(oing to be performed depends on a number of factors^ These 
include th^Spmbat sttuatton, the qature of the repair, th6 time available, the number and 
skills of; the avajlablft mechanj^cs, And the avaiiahllity df tools, test equipment, and r:epair 
parts. Repaii\i performed by the lowest ecKeloh of maintenance which is capable of per 



forming it. Hldher ecljelotyv^f mfclntenance perform the category of maintenance which ts 
assignedju-^h^r unltS.^Tfiey also peVfprm, within their capabilities, the overflow maifttenance 
of the supported ^s-lng units. The lo^er echelons of maintenance should not att^jmpt to perWrm 
repairs which are assigned to aT^ififhftr 'echelon. ^This generally leads to cannibalixation of 
•^noipmeht and usually causes the lower ocheli!)5 tb n^jglcct the work that is their primary re- 
sponslbliity. cThe effectivenee>» j3f the m^Jnten^ic^ system depends on how well the men St the 
various ^<>h€l^iiHnow and perform their e>>rn rjesponslblllti^s; /JIhe CT^akdown of individual 
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reBponsibtUtl^a Within the system provide8'f^*va>^ worklfad. and there is genernlly 

more t\ian enough work at ail levels to keep everyone busy. 

/ f 

(j) Organi;Ratlonal maintenance. This level of maintenance is the Tesponsibiljty of, and is 

performed by, the using un(t. Its responsibilities in(;lude correct OF>erating, inspecting, ^ 
Si^rvicingj lubricating, adjusting, and .replacing pf pArts, minor assemblies, and sub- 
^semblles. Organizational maintenance is the. foundation upon which the remainder of 
the system repta. If using unit maintenance is iheffective, equipment avaUability will be 
low and it will place a heavy demand on the maintenance capaf)ility of higher e^helon.^. 
*' Organizational maintenance is broken down into two echelons: 1st, performed by the 
operator; and 2d, performed by the unit me(;!^anic3. 

/ ' ' - - ... - 

(a) First echelon. First echelon inaintenance is performed by the usf^, wearer, err oper- 
4 ^ ator! It consists primarily of correct operati^, servicing, - inspecting, lubricating, 

and pftrfortnlAg minor adjustments. Just as organizational maintenance is 4he founda- 
, .tlo\of the whole m'aintenance system, 90 1st echelon or operator services are the 
foundation of good organizational maintenance. The', equipment operator and the sor-r 
vices he performs are two qf the most important factors in the success of th<^ mainte- 
nance systerp. * 

(b) Second eghelon. Second echelon'is perfor/ned by specially trained personnel in the 
using orgar>lzatloti, the unit mechanics. Tt coniftsts primarily of inspecting, perform- 
ing major schecjuled lubrication services, mJiking major adju.stments, and replacing 
parts anjfcmlnor assemblies. bepcn<^ing on the organization, 2d 'echelon maintenance 

- serviceWnay be performed either at company level or in centraMzed battalion m^nte- 
, . nance shops. While the mechanic is responsible for parts replacements, both the 

operator and mechanic will generally combine their efforts in performing sclieduled 
' ppeventive maintenance services and making adjustments. 

(2) Intermediate maintenance . This, level of maintenance is authorized and performed by 
a designated maintenance activity in direct support of the using 9rg^nizktion, or by ^ 
higher echelon maintenance units supportihg the direct-support maintenance activity. 
1 It is normally limited to the replacement and repair o^ parts, subassemblies,, and major 
J assemblies. When necessary, intermediate maintenance units support lower echelons by pro 
V-^ viding techni(?%l assistance, mobile repair crews, and repair parts. Intermediate 
maintenance consist^ of 3d and ^th echelons of maintenance. 
» ■. 

■f . ' ■ . 

^ (a) Third echelon. Third echelon maintenance is perforined In direct supports of. the using 

units by the J'SSG, Third echelon malntenqjice shops have the necessary ^special tools, 
machine-shops, mechanics, hnd repair parts to perform more specialized maintenance 
than th,e using units. Since many oi^aniaiations In a Marin^ division contain vai^ying 
ainounts of similar eftglnei^T equlpryient (for example, the Case MC 1150 Scooploader 
found in DSG, engineer, a^jl artillery units), 3d echelon maintenance capabilities 
have been centralized In thfe engineer maintenance company, FSSG. Thil^ reduces 
*the number of mechanics, spare partd^ and special tools required; prevents fluplicfcitipp 
• of effort; and resultriiln savings of manpowei^uid equipment, 

(b) FouHh echelon^ Fourth echelon maintenance is . also p6rformdd by FSSG in support 
of th6 DSG. The FSSG lias more elaborate shop fWllities and more mechanics, and 
, Is limited only by tile tools, test equipment, and repair, pa^ authorized. Fourth 
echelon maintenance is the highest level of intermediate maintenance^ and any equlp- 
m^nt requirfng more specialized repair or complete rebuild is forwarded to the la^t 
cfite|(pry of maintenanee, depo[k, • / ; - ' / , 

X (3) Depot m aintenance . Thia level maintenance consists <of a single echelon bf maintenance. 
- ; 'sth It formally supportB tife supply function by rebuilding and returning to stock, parts, 
■ sub^semWies. assembli^sf or the ^»hole item bf equipment on a scheduled basis. Fifth 

' echelon maintenance is generally perfornjed'at the,two Marine Corps logistic support baeee 
•-. • lofcf ed at Albany, Georgia and Barstow, .California or by civilian contractor^ Specific 
. ' authorization may be granted for deployed organizations to perform limited 5th echelon 
repairs. ■» ' " 



d. RtPldr flPWa Ixi ordenJto better underMand the maintenance eystem, let us see how it 
would AinoUon ui a apeoiflc caae whiph required 4th ech«],pn maintenance. Let'e' say that 
you are an .e^ipmeni opb rater In "A** Company, Combat Engineer Battalion, DSG. \Upon 
inspecting your tractor^ you find a large puddle of oil beneath it. You would in^jj^ate your 
findings on your trip ticket (NAVMC J0533) thflt report it to your section leader for a * 
determination as to whether the equipment should be operatejd* If the section leader decides 
that the equ^mijnt should not be operated, you would now close QUt your4rip4l0ket and turn 
the tractor back in to th^ dlspatoh«r. The dispatcher will then inform tifie' equipment qhief 
of the discrepancy* The equipment chief has the tracker (checked out and determines that a 
defective rear engine ^eal is causing the'^leak. At this time an Equipment Repair Order ^ 
(NAVMC 10245) is made up. All 1st echelon (operators) maintenance is performedt and the 
record jacket (DD 606d) and the EBO ore forwarded wi(h if\e tractor to the 2d echelon shop 
(Service Company, Headquarters and Service Bn, , DSO, The 2d echelon shop chief deterpilnes 
that the i^placement of the seal is beyond his shop's authorized capabilities. The tractor is 
now forVarded with a new ERO to intermediate maintenance unit, (Engineer Maintenance " 
Company^ Maintenance Battalion, FSSO). At this point the seal will be replaced and the 
tractor will be returned down the; maintenance chain to your unit. 
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Fig II-2. Equipment repair flow. 



II-2. . MAINTENANCE INTEHVAL 



a. General, Preventive maintenance is performed by the operator and the Imechanic. In 
this seciion, any refereijjp to the operator means the indivi^tial actually using the vehicle. ^ 
This ii^cludes the mechanic who will eperate a-^ece of equipment from time to ufme while 
.diagnosing/or testing it. The most importanr^lhase of engineer-equipment maintenance is the 
performance of'^reventivc and scheduled maintenance. An effective piaintenance program, will 
do more to make the operator'js and mechanic's job paaier and keep the number of deadlined 
(out of.servicc) items to a minimum than all the re[Rlr uniti combined. Preventive tfaainle-^ 
nance consists of such items as inspecting, lubricAting, tightening, and^corr'ecting any pes- 
sible failures before they occur. It is the services performed by operational and maintenance 
personnel to keep the equipment in the best possible operating condition. Most preventive 
maintenance is performed on an hourly or calendar time schedule. The- maintenance schedules 
for engineer Items of equipment are listed in the applicable TM for each item winch should be 
used as a guide and checklist for performing any .preventive maintenance. For e^atnpls, daily 
service is considered 8 to. 10 hours, weekly service 40 to ?0 hours, and quarterly service 
250 hours, but some items require 25- and 100-hour maintenance. To allow for the differences 
in hours and to prevent interruption of work, preventive maintenance is performed at any cpri'- 
venient tii^^within reason. For example, lO-hpur maintenance can be performed between the 
8th and llHhours of operation. Some maintenance should be performed at the time a problem 



occurs. 



example, you have your car tuned-up every 10, 000 miles, but you i^ouldn't wait 
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that long to replace a (oul^^d jBpark plug of broken spark plug le^ad. jnTo^^ daily or wcieWy 
services you would check ypur tires for wear and a^r pressure, but yoli \vbuld not \vait unfrl 
the scheduled day to replace a flat tire. The rei^ard fot the extr? time reqUired to inspiict, 
cheek/ and servic^ an item of equipment is knowing that it and Us attachiVients are r^ady when 
called for, and that there {s a decrease, in the number of hours required Jpr repatrQ. " 

Daily, These are the services ind^ated by an A or D on LPs^d TM's, listed as beforcy, 
during-/ and after-operation servicfts on NAVMC 10523-SD, JEngineer Equipment Operatlohal^ 
RetordJ Daily maintenance ^s normally required between 8 and J 2 hours 6f operatton, but the 
before-, during-^ and after-operation iiervices are performed each time ^the vehicle-is sttyrted 
on a new job or whenever there is a changfe of operators. During 24-hour-a-day operations, 
the equipment will receive two daily lubrication ser^ic^s'and be checked^before, during, and 
after operation by each change of operators or when the vehicle is restarted far a new^job. 
The equipment is usually available 20 hours per day fof. opera,tion ^nd 4 hours per day for 
maintenance. The mechanic and. the operator tisually have 2 hours after each shift to ser- 
vice and prepare the equipment for the next 10-houi^ shift. ^ Daily Services are, periodically ; 
performed on stored, deadlined, and standby equipment. Dunng normal operations, .8 liours 
is considered one day of operation. As you gain experience iri,the, engineer equipment maiole-. , 

' nance field, you Will learn that the equipment hourtheter will only show a portionujf t»)e time, V': 
%Por example, the hourmeter for a Terex will sometimes show ohly 6 hours' oi^eration when 

llorking on a 10-hbur jpU because part of the tjnne the tractor ^Vas sitting idle and the 

hourmeter was calibrateki to show full -throttle operations; it operates on iihp rpm of Hie engine; 

(1) The 10 -hour lubrication and service is performed at the end of the day; or upon cotti; 
pletion of the job if the hourmeter shows sufficient number of elapsed hours. The' . 
services are recorded on NAVMC 10523-SD, Engineer Equipment Operational Record 

,and NAVMC 10524, Consolidated Engineer Equipmerif Operation Log an^ Service R^- 
cord. In a* combat zone; these seryicee may be performed. by a. contact team at a 
time designated by the CO. Tten^s that require daily hVaintenance, but are not being 
, . used, are lubricated and serviced weekly. Use good mechanical judgment to prevent 

overlubricating d^adlined or stored equipment. 

."•■■■/ , ■ * >- 

(2) The bepare -operation services are performed prior to each starting. Many things dan 
happen to a vehicle in a short period of time or some deficiency may have been Over- 
looked at the last service cheeky .In Q dombat zone the item could possibly have been 

^ ■ sabotaged. -The beforc-operation services also help prevent ac9idents caused by * 
persons under or working On the equipment. . 

(3) During-.<&p eration/ the operator continually 'checks his equipment for^roper operation ^ 
^ 4>nd unusuaTnoises and odoct^B. The operator correqts the deficiencies within his 

echelon an4 qapabiliti^s and reports all* deficiencies whether co^i-ected or not to the 
dispatcher and equipment chief. ' - ^ . , 

- (4) the afteV -operation services are perfOrme<i to prepare the vehicle for future jpb^. 

The item is'inspected/ berviqed, and defects corrected so that the equipment can be 
placed into service on short notice. During normal operations, the 8- or'10-ht)ur 
services are performed at the same time as the ^fter-Operation services, \ - 

c. Weekly . TM for each item of equipment prescribes certain checks and preventive 

maintenance services. Some TM'd list 50 -houx*. maintenance while the^ewer list weekly 

maintenance as 25 or 40 hours or 5 ^ock dAys. During 24-hour-per.-day oj^erations the 40- 
and 50-hour schedule will come due approxiinately tvtice each week. Together, an operator 
. and a mechanic" perform the w.eekly maintettance using thP TM and LI as a guide and checklist. 
Maintenance is performed on basic t^achine and all attachm«!ms requiring we0kly mainte- 
nance that have been used with' the basi^ machine.- For example, if a tractor ..used to tow a 
scraper is receiving weekly maintenance, ifshould aifp be performed on the scraper. 

"d Quarterly These Are serviced pei'form-^d to provide for cleaning, inspecting, - tightening 
adjusting, and iubriQttUng th* equipmei)t:t6 insure trQuble-fnefe opet^frtion. Quarterly services 
. aVi "performed at the time ftiheduled in pertinent TM's or other Marine Corps publications, 
wh*i directed by the unit command*!^, 'or as dictated by conditions, - time schedules listed in 
the TM's are the minimum requirements..for normal qperating conditions. When vehicles ^ 
t " i< . . ■» . ' . 



oper|ite.jn advei'se conditions such a9%ater/ mud, or sand, and also after fording, the quarterly 
maintenance Is p^jriTormed more Trequentty than prescribed in the TM. The unit mechafiic, 
assisted by the operator, wtU^perform the. quarterly maintenance w}ieti required, usiqgjper- 
tlnent TM/s, l.Va, dnd NAVMC 1066drSD, Work Sheet for Preventive Maintenance and Tech- 
nical Inspection of Ei^glnee^ iiquipment, asf a checklist. When the equipment is lubricated, 
the water and abrasive;^..rnu8t be removed,"but parts such as clutches artd brakes must be kept 
oil-free. As each it<5rY*on the ch<i;cklist is completed it is recorded on^the fJAVMO 10560-SD. 
After the equipAi'ent has been per viced and tHe Work Sheet fobPreveiUlVe Maintenance and 
Technical^Inspectlon^of ISnglneer EJjulpment completed/ the preventive maintenance roster- Ib 
\ipdated. If repairs ar^ required, a Tactical Equipment Repair Ordei* is initiated and the re- 
pairs are made at the earliest date. 



SAFEJY / ^ ' ' ^ . 

IIl-l. GENERAL ^ I . . 

Unsafe practices in the operation and maiptenanc;e pf construction equipnnent take the 
lives of many people^ydarly. Unsafe practices with equlpment^f great weight and power Ihcrease 
the danger to you. Given a tool or machine, and a di8trefction,^you can hurt, cripple, or kill 
yourself or others.' tViIs is comrKonly caUed jiiuaCGideol, Accident^ are caused; they do NOT 
just happen. Machines and tools will do T)nly wlfR you cause them to do, A gradey will not run 
over an embankment and turn over unless you d^ive it \here. A wrench wijl .,npt br^ak or slip, and 
cause you to cut yourself unless you make it do'so. Brakes don't fail unless^ou neglect the prop- 
er maintenance. Machines don't fall unless you fail to blbojc them properly.. Accidents will 
happen because you neglected somethl;ig or because you lacked the knowledge to prevent them. 
Below are listed some of the general safety precautions that you should observe. 

m-2. OPERATIONAL SAFETY , - • ' • . 

a. Study and comply with local safety regijlations. i 

b. Study and comply with the safety regulations listed in the technical manual for a specific 
item of equipment. . * 

0 

c. Inspect the equipment for damage Qi*^ loose material before starting the engine. Before 
moving equipment, check for nearby personnel or equipment that could be injured or damaged. 
Keep a close watch for damage or malfunctions that mfey occur during operation, ^_ 

d. Keep the machine free of grease, tools, and other materials which may cause you to fall 
or that could be throwilCby the machine. 

/ 

e. 'Keep your hands and shoes free of grease and mud that may cause you to fall while board- 
ing or prevent proper operation of an item Of equipment. 

f. Insure that all safety devices Such as warning lights, guards, fire extinguishers, brakes, 
horn, and emergency shutoff devices are Installed and functioning. 

^ g. Operate the equipment at safe speeds for the conditions and location, 

h. Operate the equipment with only the required and authorized personnel aboard. 
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j study the terrain over which yo^^-are operating. Beware of hidden'pits ai|l cliffs that might 
throw yod off the equipment or give way ancTtum the machine over. Beware of Tlying debris 
that might hit you or damage the equipment. ^ 

Ur.^ Use the equipment io do the job for which it was designed. 

1, Use a signalman when working in a dangerous area or when vision is restricted.^ 
m. Stop the machine before attempting to clean, service, or repair it. 
n. Never swing a load or attachment ove^r other personnel, 

o U8# caution when w(Jrkir>g around or traveling over or under electric power or communica- 
tion lines. Don't swing an attachment closer than 10 ft tb a powerUne.. Use dUnnage to protect 
lines that ar^e traveled ove|^, and do not damage underground cables. 



p. Park and secure (Equipment on level ground and block it if it couUhpossibly roll. 

■ 1* . * . • * 

C\, Do not overload the equipment, attachments, slings, or tow cables, 
JlI-3. SHOPS/iFRTY ^ , • • 

Most accidents li1t,^^9,J8i^Qp Qr^j caused by fires, fallf?,; falling objects, or ek^ctric shocks. 
Injuries can result from clothirtg or parts of the body becoiV^ig entangled in moving machinery, 
acid or objects in the eyes^, or cuts from sharp or flying objects. Strained muscles can result 
^From lifting l^eavy objects "l^itcjorrectly. 

^, Rofuel Equipment before securing forAhe day, but a/ter the engine is stopped. Do NOT 
fill the gas ^ ink of a hot engine. ' ^ 

^ b. Service the equipment after operation, but nof while the equipment is running 

c. Make only the necessary adjustments with the engineVunning; first make a preliminary 
acUuBtment with the ejigine stopped. Have ^ome person stand by to stop the equipment in case of 
an emergency. 

. d. • To prevent falls and fires, keep the decks and. working spaces clean. 

e. To prevent falls or falling objects, keep parts,' tools, and' maintenance equipment ir\ 
proper place. 

f. Wear protective clothing and equipment for the eyes, hands, and feet. Wear tlu^ uniform 
properly to prevent lopse clothing being entangled in the machines. 

g. Rup engines in Well-ventilated arealS; exhaust fumes can irritate the eyes or cause head- 
aches or they can even cause death if breathed ^oo long or in high concentration/ 

h. Keep all tools clean and in proper condition for correct use. 

>■ 

. i. Never work on equipment that is hanging or on, a jack. Place the equipment on a suitable 
stand, bench, or cribbing. ^ ^ 

j. Use only the specified and authorized cleaning solvents. 

k. Be sura electric power tools are grounded. Do not operate them while standing in 
wat(*r. 

I. Check hoisting equipment and attachments prior to each use. 

m. To prevbnl accidental starting, disconnect the battery ground strap; when removing 
botl^ cables, ^disconnect the battery ground -terminal first. ^ 

n. Use an assistant when lifting heavy-objects. ' • ^ 

o. Never ^J^^^ horseplay on or around equipment. 

p. Smoke in authorised areas only. 

III-4. GENERAL SAFE PRACTICES " . ' ^ 

\ Understand the safe way to perform any given task. Help new personnel to avoid unsafe 
practices. Promptly report to the supervisor any instance where instruction is required. 
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a. V^hen giUding n vehicle onto a lube rack, do not' stand in from of it. HcfoiH? ^I.arling to 
lubricate a vchicU\ make sure the Ignition is off. the gearshift is ir* rtoutral. bntkq'is set. and 
the wheels are blocked. When servicing a vehicle, stand so tlKll the Wody Is clear case'the 
vehicle starts to roll. Unless it Is in a pit, work under equipwient only when it isVj^roperly blocked. 
Remove wlotfiing without delay if U has been soaked in gasoline or olL Wash \^rflj7^^ap and water 
and pitt Oh clean clothing. Do not put gasoline-soaked rags in rtciii^ets/ : i'*,. 

b. -\ Know theAiieans of calUng the closest flrefi|thtin^ equipment. Give the ala[i^ immediately 
in case of fire*'and know bowio use available firefigteting equipment: , Should a fir^' <?tart in the 
vicini'ty of a vehiJle while a fuel nozzle is in the tajf^k. LEAVE THE NOZZLE IN '^Sf^Jf?: TANK, stop 
the pump, warn the occupants of the vehicle to geffout. then smother the flames Wt|H wet clmhB 
or, if available, ^ise a fire extinguisher. v " , 

' c. Report all injuries promptly so that proper first ai^ or medical treatmej^Jt'^^hn be given. 
Notify the safety officer of any observed unsafe condition. , ^ ^ 

\ d. When using tools, inspect them ^nd all similar equipment before use;^^ . Replace splintered, 
broken, rough, or loose tool handles. Keep cutting edges sharp and use thc^^topl only for its de- 
signed purpose, - 

e. Wear safe clothi^ig. Do not wear thin-soled shoes or lopse or ragge<l clothing. Keep coats 
buttoned and 8h<^©string8 tied. T3o not wear oversized trousers. 
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f. When' lifting and oarrying heavy objects, provide enough men to do the job. Keep the arms 
and back as straight as possible, bend the knees and lift with the leg muscles, lifting with a smooth 
even motion. When carrying, keep the load close to the body. 

g. Wear approved safety goggles or eyeshields when grinding, chipping. ,weTding. cutting, 
pouring, or handling hot metals or acids. ^ 

h. Do not talk to anyone -^rhile operating machines. Pay attention to the job at hand, 
REPAIR ^m^PS 

a. Qt»e rating requireme nts. Effective general ventilation should be provided in builcfings 
where gdsoline or diesel engines are running. Exhaust gases are to be ventilated to the outside. 
Each power tool Is to be, provided with an individual, easily accessible control switch: Cracked 
or chipped grinc^jng wheels are to be removed from service immediately. An abrasive wheel 
dresser, with a guard aver the cutters, is to be used when facing a wheel. 

b. Safe practices. * 

(1) When using hand wrenches, observe the following rules: j 

(a) Do nol use 'a pipe or another wrench over the handle of a wrench to increase leverage". 

(b) When pullinfe on the wrench, stay out of the line of movement. 

(c) Use pipe wrenches on round objects only. Place the wrench so that the teeth in the 
oenter of the jaws grip the object. * ^ 

(d) Repair or discard wrenches which are fradtured; Which have broken handles, springs, 
or other parts; or which have jaws that are sprung, bent, have dull teeth, or are out 
of alinement. 

' (2) When working with portable "elec^trical tools, check insulation for breaks. Be sure that • 
the tool housing or framework is grounded. ^ ' 

(3) Weld fuel containers or tanks only after they have been drained, washed,, steamed, or 
otherwise cleaned and purged of all flammable gases and li^\iids. Be on guard against 
flashes or explosions"Trgasollne vapors, antifreeze solution vapors, or hydrogen vapors 
from* storage batteries. - . - * 
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(4) All loada must be blocked up before working under them. .Never depen^ on Jack« or chain 
hoists alone to support a load. T*lace blocks under^a load as it is being raised. 

■ / • ^ *' 

(5) ppjiot keep gasqline in open containers. ^ ' 

(6) Use the safety grip (thumb and fingers on the same^ide of the handle) when It is. neces- 
sary to crank engines by hand. ^ ' * ^ 

(7) Permit no one to handle the starting button or levfer of a machine while mechanics are 
workii:ig on it, and do not tamper with the controls of- a machine on which someone else 
is working. 

(8) When using a grinding wheel, observe the f^Uo'^ng rules: 

(a) Use^ goggles. ' ' ' . 

(b) When starting a grinding wheel* stand tQ one side pf the wheel for a full minute after 
turning it on. 

it 

(c) Use the tool rest, and keep it 'close to the wheel. 

■> * ■ . * » 

(d) Do not grtnd on the side ofuhe whe^L ^ ^ • 

(e) Do not crowd a grinding wheel. Cold wheels are particularly dangerous. Pressure 
should be applied gradually and the wheel allowed to warm up. 

* c. Personal protective clothing. The following protective* cldthing ahoufd'tTe worn, when 
appropriate, during shop operations: ^ j** 



<1) Safety shoes. ■ ' \ ' 

(2) Appropriate goggles in any area where flying materials or harmful light rays might cai^e 
eye injury. * ^ ' 



. (3) Coveralls and work gloves. * . \ ^ ^ 

III-6. SERVICE AREAS 

a. General, operating requirements. Keep premises cleaQ and free of tripping hazards. Pro- 
vide proper storage for air and water hoses, toolsL jacks, water cans, and all movable objects. 
Use Earning signs and barricades to protect personhisl ^hen construction^ repair^ or paint work 

is in prpfcress, ' \ ^ ^ ■ - 

\ V 

b. Hanfiling gasoline and diesel fuel. 

/ ■• 

(1) Gage a storage tank before filling to determine th^ amount of fuel It will hold and to avoid 

the fire hazard from ah overflow. 

(2) ^ Remove empty oil and gasoline containers from t^e working areas as promptly as pos- 

sible. 

(3) Keep drums or other containers holding gasolU)4, dl«sel fuel, or othct highly flammable 
liquids outside the building. Flammable mati»*Uls should be stored no closer than 50 ft, 

^ from buildings, equipment, or other faclllUM that may be damaged by fire. Make 
periodic inspections for leakage from contaVi^rs. If leaking i:ontainf rs cannot be made 
8ound'by,tightenln|f.%e hwtfn or cap, transfer the fUel to a sound container. Drupis are 
always stored on their sides to prevent the entry of water. 
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(4) Never transfervfltfmmable liquids in the presence of any flame or burning material, in- 
cluding cigarettes. ^ - " 



• 



(5) All equipment, such as pumps, tanks, vehicle, or storage tanks, when used in fu(>l 
* transfer operations^ are to be electrostatically grounded, tionding^connectipne must 
mad^ before hose connection, and thcfse bonde jire not removed until the liose^as 
been disconnected. When gasoline is being poured from one container into an9ther, 
naaintain*iVietaNto-metal contact to avoid possible , static discharges. '^'^ 

m^7, BATTERY SHOPS > ' ^ • 

a. Operating requirements. ^ 

(1) Locate the battery shop in a separate jarea, prefei*ably in a cage-type enclosuVe. 

■I ' - . ✓ ' ' ' 

(> 

(2) Keep the temperature of the battery sh^ below 95*" if possible, 

• (i) ISquip the battery ahop with an adequate ventilation system to remove the hi'ghly volatile 
&nd i^^mm^ble hydrogen»ga8» _ ^ ' . 



J^}J^o ^ernrj^lt smoking, 'open-type switches, \ights, or fla^fes in the vicinity of the bat- 
• teries on charge. 

. ^ (b) Provide running i^ter and approved first-aid materials to neutralize any acid spilled 
on the body. 

b. Safe practitres. ^ 
(1) Exercise care not to short-Clrcuit battery terrninalg when using tools around batteries. 
(^) Avoid Striking metallic surfaces or causing sparks, 

(3) Use only tools with insulated handles when removing ^or replacing batteries. 

(4) Do not nriake repairs to the battery while the circuit is energized, ^' 



(5) Make certal».^^t the charging current is olf before batteries are connected to, or dis- 
' cdwtiecVcd fromtf the charging line, ^ ^ 

' " ^- \ y ' ^- . ' . ' - 

, (6) Use pr^mixed electrolyte if available. However, if mixing is required, .NEVER POUR 
'^^^ WATER ^NTO ACID. The acid must be poured slpwly into t|ie Water, using a glass or 
• ^ - ♦a^ithenw^^ cc5ntaineK * * ' ' 

:* (7) Guard thp;eyes and the skin from splashing acid. ' * , 

. >:»> (J?) ,N^ver store sulfi^ric aoid-ln locations where freezing temperatures are possible. 

» - ^ *. ^ 

' *. c. . Personal protective equipment. The following protective equipment is necessary for bat- 
tery ahop operations:- Rubber gloves, rubber aprons, protective shoes or boots, and approved 
•goggfes. These are'^^6 be Worn to protect the e^es and the t)ody. when mixing electrolyte and 
filling batteries. 

itFS:' COI^^RESSED-AIR EQUIPMENT % 

a , Operating requjrenients , f ^ 

(1) Complete ericlosure of compressor i^ desirable. Guards are to be installed on all belts, 
pulleys, flywheels, and other moving parts, * . ' 

(2) Open .air-'tahk drainpipe valves and draTn the tank at regular intervals. Inspect automati 
traps regularly, ^ ^ 
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(3) Test all spring pop safety valves at regular intei-vale. and provide inspection of re- 
' . "celvers at least once a yfear by a qu^ified inspectop. 

(4) 'Clear cylinders, valves, discharge pipes, and receivers at regular intervals. 

(5) Inspect nli air lines, both pipe and hose, at regular intervals. • ■ - 

» 

\ Safe practices: - - , 

(1) Do'not operate^the ai.r receiver ai a pressure higher ihan the maxinium ^illowable work- 
ing pressure, except when the safety Vtflve orvalve^tare blowing At such a time, the 
maximum allowable working pressure, should not be exceeded by 6%.^^ . ; 

(2) - ^ not apply too much oil to air compressors. Excessive oil increases the danger of 

an Explosion. ^<i 

(3) Never wear gloves when operating a portable air drill or reamer. 

(4) ^ Never poifft a pneumatic m^cfiine at anyone and do not stand in front of >9uch machines 

even though they are equipped. with tQpl holders. 
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BAftC ENGfkEER EQUIPMENT MECHANIC is* designed to insti^uct pvfs.through cpl's in *^ 
the basic qualification requirements of a 1341 MQS. It covers the mechanic's toolB and. their 
uses, engirtes and their characteristics and functions; power trains, final drives, ^nd ^^xlliary 
equipment. It Is an aid to on-the-job t;*alnlng. ^ . " * - 
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, ' ■ . <I'ool8 and Equipment' 

STUDY ASSIGNIV^ENT: Information for MCI Students . ' ' ^ ' - • 

, • Course Introduction ^ T \ ' • o ^ 

ABC's of Hand Tools pp 1-38 . . ' • * $ ^ 

MCI 13,29e^ ggsic ^ J^ngineer EquipmenCMgch^^ ^ chap 1. 

LESSON OBJECTIVE: Upon successful completW of this lesson, you ^ill be able^to Identify 

procedures neqessary for care apd yse of hahaibols, powW^ools, and 
/ precision measuring instruments. • ■ ^ 

WRITTEN ASSIGNMENT: , . 

A, - Multiple Choice: Select'the ONE answer which BEST completes the statement or answi^rs ' 
the question. After the corresponding number on the an8^yer sheet, blacken the appropriate * 
box. ; . 

Value: 1 point each 

1. ^What should tj/e mechanic remember when using the screwdriver? 

a. Use long-handle pcrewdrivers only. 

b. The width of tip should equal the length of the screw slpt. 

c. The width of tip should be slightly less than the length of the screw slot. 
- d. The fer rule length should equal the length of the, screw slot. 

^. How are ball peen hammers classified ? 

« 

a. By length of handle and head weight ' 
^ b. By head weight • ^ 

i c. By size of face and ball peen 

/ d. By the material they are 'made of ' 

3. Which pliers are BEST used to remove cotte^ pins when the proper tool is not available? 

a. Combination ^ - c. Snap ring 

b. Side -cutting long-nose • ^ d. Diagonal-cutting 

4. Which illustration shows^the proper use of a wrench? (A= a on the answer sheet, B=?b. etc. ) 
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b. To loosen a very 'tight bolt, which wrench v?ould be most suitable? 



/ 



a. Hinged handle w/ socket. 

b. Ratchet w/socket 



ePf What deterrnines the sir.e of a chisel? 

a. Width ol the handle 
Length of the blade 



c. Spe6d handle w/socket 

d. Crescent wrench 



c: Width of the cutting edge 
d. Diameter of the chisel 



7. Which Illustrated punch i4 used to ^tart a pin from a hole ? 
f 



ia.« What is the proper tool to clean a flat file with? 



a. Scraper 

b. Knife 



c. File card 

d. Scrub brush 



^ou are cutting mild steel with a hacksaw^ For the most efficient cutting, how many 
per minute should you make? ' 



strokes 



10. 



11. 



a. 60-70 

b. 50-60 



c. 40-50 

d. 20-30 



c. .002 

d. . 0002 



If the feeler gage blade is marked 2, this would indicate its size as 

a^ . 2 
b. .02 

Whiclrmustrated con- 
tainer would be the 
proper one to use to 
fill an engine crank- ^ 
case requiring only 
1 gallon? 



(A= a on the answer sheet, B=b, etc;) 




in. thick. 
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12. For removal of drain plugs when the regular drain plug wrench is not available, the large 
can be us^d, ^ ^ 



a^ screwdriver 
b, chisel 



• Allen wrench 
d. driftpin 



13. When the special Injector puller tool is not available, which tool can be substituted? 



,a. Cold chisel 
b. Roll head pry bar 



c. Yoke pnller 

d. Bearing cup pulling attachment 



M, A pressure of 77 lb is required to lift 3, 300 lb on the model T-20 Griphoist. The capacity 
of the hoist can'be increased to 6 tons with the -aid of a 



a. longer leverage handle 

b. block and tackle and a 2-part line. 



c. block and tackle and a 4 -part line. 

d. block and tackle and a 6-part line, 

15, The porta-power press has a capacity of approximately tonq. 



a, 5 

b. 10 



c. 15 

d. 25 



16. The 1/2-ln. drill should not be used to drill holes larger than 



a. 1/4 in. 

b. 1/2 in. 



c. 3/4 in. 

d. 1 in. 



17. You should keep both the^ drill and the metal being driljed dry when drilling which metal? 



a. Steel 

b. Iron 



J 



c. Copper 

d. Brass 



18. Before installing an abrasive stone, you should match the stone with the grinder's 
a. shank size. b. rpm. c. diamond-point dresser. 



19. Abrasive stones for the grinder should be replaced wh«n they have worn to 
original diameter. ' 

a. 1/4 -vj : c. 2/3 

b. 1/2 , -^t^ d. 3/4 
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20. What would cause the inipact wrench to slow down and have erratic Impacting? 



/4 



a. Pneumatic'^ose too loftg[ 
Lack of lubrication 



c. Direction selector turned off 

d. Pneumatic hose too short 



21. Which type of mechanism listed below drives the working attachment of a pneumatic tool? 



a. Rotary percussion 

b. Reciprocating percussion 



c. Armature 

d. Internal combustion 



22. Which wrench would be u*ed to lessen the chance of breaking a nut and pulling or stretching 
its threads? , 



a. Crescent wreneh 

b. Torque wrench 



c* Open-end wrench 
d. Vise grips 
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23, To obtain an accurate reading with the torque wrench, it should be pulled with 

a, one hand on the handle and the other on the shaft. / • 

b» only the handle grip belng^used, ' ' ^ 

c, one hand cm the handle and the othe'r on the item being torqued, 

d. both lutnds on the handle grip, 

2^. The head of a valve is checked for roundneas with a 



/ 



a, dial indicator* 

b, caliper micrometer (outside) , 



cx caliper micrometer (insid^), 
d, dwell-tach, 



25. Which is a true statement Concerning the use of a micrometei^a , \ 

a. The mechanic is authorized to calibrate the micrometer, 

b. To obtain an accurate measurement, the micrometer must be tigl^tened againgt the part 
being measured with a wrench. * 

c. The micrometer is adjusted by hand until contact is made. ' » 

d. The mlcroxfteter is kept with the other tools In the mechanic's toolkit. 



/ 



Total Points: 25 
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Engines 

STUDY ASSIGNMENT: MCI 20c Daslc Engiifejr Equipment Mechanic, chap 2. 

LESSON OBJECTIVE: Upon aucceaaful coppletr6n of this lesson. 'you will be able to Identify 

engines characteristics and the principles of operation of gasoline and - 
'dieeel engines. 
^ - .' • -i 

WRITTEN ASSIGNMENT: 

A. Multiple Choice: Select the ONB answer which BEST completes the statement or answers 
the question. After the dorrespondiog number on the answer sheet, blacken the ap]f>ropriate 
box, * ^ . . ■ -'A.t . - ■ S -^^ ' . ■ P < 



Value: l* point each 
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1. , An engine is a machine that converts into itieohai^c?n'' energy. 

a. heat energy ^ » c. steam heat 

b. electrical ener^ » ,^ oxygen and *fuel mixtur'ec/ 

2. ' Whicli is an internal- combustion engine? 

a. Steam engine ^ c. Air cortipressor ' 

, b. Starter d. Gasoline engine 

3. What is the stroke of a piston? 

a. Size of the piston and the distance it travels 

b. Movement of the piston ^rom one end of cylinder to the other 

c. Movement of the piston to complete a crycle " , 

d. One revolution of the crankshaft , 

■ • * 

4. What is required to complete the cycle of operational events of an Internal-combustion 
engine? 

•* • ' • 

a. Two down strokes of a piston ^ • 

b. Two up strokes of a piston . ' ^ 

c. Intake of air and fuel, compression, ignition, and exhaust 

d. Movement of piston. Intake of air and fuel, and exhaust 

> 

5. An engine classified according to application would be either^^^^ 

a, automotive, industrial, or mariMe, 

b, internal combustion, autdmotivc, or self-propelled veHlcle. * 
c; external combustion, two^t^oWt cycle,, or automotive. 

d. internal combustion, automotive, or industrial. * ^ 

6. What are the major stationary parts of an engine? 

a. Valves, cylinder head, and exhaust system 

b. Engine frame, cylinder head, and cylinders ^ 

c. Pistons, crankshaft, and connecting rods 

d. Engine frame, crankshaft, and oil pan 
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V. Which otntemenjls INCORRECT?. ^ a, 

li. cylinder liner^ are cast and rt\achinfed ae part of iho cylinder block. 
^ b] Cylinder liners are cast, machined,/' and insta^ in the cylinder block. 

c. 't€jylinder liners are in dh edt contact with cool^ air. 

d. Cylinder liner$ are in direct contact with liquid, coolant. 

8. The primary purpose of the cylinder head Is to 

a^ support^ the Vdfves..^ " * " 

b. provide water and oil passages. , ' ' ' ^ 

c. provi^le intajce and exhaust pa*ssageB. 

d. seal one end oJf the cylinder bore. - 



9. %What engine partrf change reciprocating piotion to rotary motion?- 



a. Piston and connecting ro'd 

b. ponnecling rod ^nd 'crankshaft 



c. Crankshaft and flywheel 
<jl. Camshaft and pushrods 



10. The cr^nksl#ift is supported by*the engine frame a^t 



a. the ma^ bearing journals. 

b. each end of the crankshaft. 



c. " the crankarm journal. 

d. the flywheel. 



11. What is the functioivof the flywheel? 



a. Turns the crankshaft during the idle strokes of the piston 

b. Convert rotary motion to reciprocating nriotioni ^ 

c. Increases the engine's rated horsepower 

d. Aline the engine with poweip train ^ 

12. What is the primary function of the camshaft? - 



a. Opens and closes the valves 

b. Cf&ses the valves and porls^ 

13. What closes the exhaust valves?. 

a. Camshaft 
' b. Spring tension 



14. Which engine may not have valves? 

a. Gasoline 

b. Diesel 



c. Opens the valves 

d. x Drives the accessories 



c. Cam lobes 

d. Pistons 



c. Four-stroke cycle 

d. Two-stroke cycle 



5- 



15. How many degrees will a crankshaft rotate io complete one^stroke? 



a. 90 

b. 180 



c. 270 

d. 360 



IS\ In a four-stroke cycle engine, how many crankshaft revolutions are required to complete 
one cycle? ^ " . . 



^: 1 

b. 2 



c, 3 

d. 4 



17. In a four-stroke cycle engine, when bot% valves are closed, a piston that is moving up 
would be on the stroke. I > 



a. intake ^ 

b. compression 



o. power 
d. exhaust 
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IB. In a two-fitroUe cycle cng^ic, how many crankshaft rcvolutioiui arc required to complete 
a cyclic ? 

f 

a. 1 ^ c. ^3. 

19. ♦Where is the fu<rl strainer locat^od? 

a. In the {}iel lank \ ^ ^ 

b. Between the tank and fuel pump " 

c. Between the punn^ and the Inlet nrianifold 

0. Between the inlet manifold and the injector unit 

20. Which component of a gasoline engine fu;el systf^m meters t^e fuel and mixes it with air? 

a. Fuel strainer c. Carburetor - * ^ 

b. Fuel pump d. Wet type ai^cleanef ^ 

21. Which carburettor circuit will stop the flow of fuel from the fuel pump? 

a. Float ^ c. High speed - ^ I 

b. Low speed ^ ^ ' d. Choke 

22. Which carburetor*circuit is used to'increase the fuel in the air-fuel mixture? 

a. Vloat . y * ^^^^ speed , / 

b. Low speed ■ ^ d. Choke ' ' 

21ts What^are.the two types of spark ignition? ' ^ 

-/• 

a. * Compression and electrical c. Battery-distributor and magneto 

b. .Glow plug and com^scession d. Magneto and glow plug 

24. When a magnetic field moyes^ across a conductor and produces a current, it is operating 

the principle of ^ induction,' > 

f 



a, chemical c, self 

b, electromagnetic 

25. What are the two most comnon lubrication systems? 



a. Splash and force-feed cr Splash and bypass 

b. - Forces- feed and full force-feed ^ ^ d.. Full force-feed , and bypass 

26. What is the purpose of a radiator pressure cap? 

a. Decrease engine temperature c. Prevent water from splashing out 

b. Raise the boiling point of the water d. Cause the engine to warm up quicker 

J) 

27. What Is the purpose of the^fins'on an air cooled engine? 

a. Lighten the engine c. Retain engine heat . 

b. ^Strengthen the cylinder walls d. Provide more area for heat dissipation 

28. wllat is the basic difference between gasolinp and diesel engines? 

a. Cdolittg • c. Lubrication 

b. Ignition d. .Number of strokea per cycle 
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29. What type of fuel supply puinp Is used on the Detroit dlesel engine? 



31. 



a. Positive diaphragm 

b. Positive displacement gent 



c. Nonpositlve diaphragm 

d, Nonpositive gear , 



30. What component of a series 71 Detroit diesel fuel system meters and sprjjys the fucT into 
the cylinder? 



a. Supply pump 
Injection nofzle 



c. Injector unit 

d. Injection pump 



The amount of fuel delivered to a series 71 Detroit diesel engine cylinder id varied by ro- 
tating the ' 



a. crankshaft, 

b. camshaft. 



c, plunger. 

d. control rack. 



32. What type lubricating system Is used on the series 71 Detroit, diesel engine 



a. Splash" 

b. Splash and force-feed 



c. Force-feed and full force-feed 

d, ^ F\\\\ forcerfeed ^ 



3 



Total Points: 32 
* ♦ * 
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STUDY ASSIGNM15:NT; MCI 13, 29e. Basic Engineer Eq tjipment Mechanic , cliap 3. 

LESSON OBJECTIVE: Upon successful completion of thla lesson, 'you^will be able to identify the 
X components of k power train and the principles of Its operation^ 

WRITTEN ASSIGNMENT: ; 

A. Multiple Choice: Select the ONE answer wfiich BEST completes the statement or answers 
the question^ After the corresponding number on the answer sheet, blacken the appi^opriate 
box. 

Value: 1 point each ^ 



4 



1. What is the purpose of a clutch? 



\3 



a. Stop the power -flow 

b. Engage and disengage the power flow 

c. Increase engine torque 

^d. Provide a method of selecting gears 

2, Clutches and brakes operate on the principle of 



a. friction and heat. 

b. contact and movement. 



c, internal expansion. 

d. pressure and friction. 



3. What are the two friction principles of clutches? 



a. Solid and fluid 

b. Pressure and friction 



c. Engaged and disengaged 

d. Mechanical and hydraulic 



4. What part of an engine clutch rotates with the engine flywheel in both engaged and dis- 
engaged positions? ^ 

a. Driven member V c. Clutch shaft , 

b. Driving member d. Clutch disk 

5. What type clutch has four or more friction surfaces? 



a, Intejhnal-expanding 

b. External-contracting 



c. Plate disk 

d. Cone 



Lubricants on the friction surface of a dry-type clutch will cause deterioration, excess 
Tieat, and 



a. girabblng^ . 
. b. crystallization* 

t 

7. The tern> operating clutched refers to 

a, engine 

b. steering 



c. slipping^ 
^. burring. 

clutches. 



c. attachment control 

d. jaw 
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0. Ori an engine clutch, whore* is X\w pilot bearing usually located? 

a. In thr transmission case 

b. At the clutch release yoke ^ - 

c. In the flywheel ^ . / * . ' * 

d. On the tranemission end of the clutcli shaft 

y * 

9: What is the purpose of the pilot bearing? 

a. Reduce friction when the clutch is engaged 

b. Reduce friction when the clutch is Sisengaged 

c. Reduce friction of the releasing linkage , 

d. Reduce friction created by transmission gears ^ ^ 

10. Which' statement concerning brake linings is TRUE? 

a. The primary brake shoe lining is always the longer. 

b. The primary brake shoe lining is usually the ghorter.' - 

c. The primary and secondary brake shoe linings are always^interchangeable* 

11. A large gear driving a snrvall gear wil\ cause the small gear shaft to 

a. increase speed. c, decrease speed. 

b. increase torque, d. rotate in the same direction. 

12. What determines the gear ratio of two meshing gears? 

a. Diameter of the gears c. Rpm of the gears 

b. Number of teeth on the gears d. Direction of g^r rotation 

13. What type gears will resist reverse torque and change the direction of power flo\t? 

a. Bevel gear and pinion c. Reverse idler 

b. Worm and gear d. Countershaft 

14. Hqw many rotating members are there in a planetary gear system? 

1 , . c. 3 

bj 2 d. 4 

If). What type bearings are normally used to 'support heavy loads at high speed? 



a. Antifriction c. Bushing -x^^ 

b. Sliding surface d. Babbit 

16. Which statement about bearings is INCORRECT?. 

a. All bearings are prettgicked with lubricant and sealed. 

b. There are two general* types of bearings, 

c. Antifriction bearings ordinarily give a warning before complete failure. 

d. Bearing life depends upon ^oper lubrication and cleanliness. 
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17. What type «c»«r8 are used in the gliding spur year lran8^^1^S8io^? 

a. Helical spur o. Straight spur 

Spiral bevel d. Worm 

f 

1ft, A Torque converter operate^ on the principle of 

* \ ' 



20. 



a. fluid friction, 

b, e(jlld friction. 



c. mechanical linkage, 

d. internal ext)anslon. 



19. What is the purpose pf a torque converter stator? 



a. Decrease torqxie 

h. 'Chang(* direction of oil flow 



c. .Resist engine power 

d. Act as a fluid coupling' 



What |)art of the torque convt^rter makes it capable of torque multiplication? 

a. Pump c. Turbine " \ 

b. Stator 



21. How many clutches are used to control the torqmatic transmission i)lanetary gear systems? 



a. 2 

b. 3 



c. 4 

d. T) 



22, F.ower from the engine through tfie transmission is transmitted to the differential and 
wheels by the 



a. propeller shaft, 
b. universal joint. 




c. crankshaft. ^ 

d. camshaft. 



23. The universal joint allows up .and down movement between'the propeller shaft and 



a. wheels. 
I), clutch. 



c, fraine; ^ 

d. dlCfe^-ential, 



24! The direction of power flow >along the propeller shf\ft Is changed 90° by the 



a. clut^ch. ^ 

b. differential., 



c. universal joint. 

d. slip joint. 



25. On the MRS-lOO tractor, speed fluctuation of the' propeller shaft is prevented by use of a 
universal*joint. . ^ 



\ a. sliding joint 

b. differential lock 



c. c'bnstant-velocity 

d. double iX}duction 



Ir 
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STUbY ASSIGNMEN,T: MCI I3.29e, Basic Engineer Equ i pment Mechanic, .chap 4. > 

LESSON OBJECTIVE: Upon BucceasfUl conj^letion of this lesson, .you wiH be able to Identify th^ 

principled of oV>eration of vehicle hjdrauUc systems, co^pres^or, » ^ 
electrical systeYn, steering system, and frames. ' 

WRITTEN ASSIGNMENT: 

vA. Multiple Choice: Select the one answer which BEST completes the statement or answers the 
queiition. After th^ corresponding number on the answer sheet, blacken the appropriate bpx. 



Value: 1 point eacj/^ 



1. How much force will a pitton whose area ia 5 aq in, have with a pressure of 20 psi 

acting on It? ^ ^ 

a. 4 lb c. 100 lb 

b>20lb'^ / d. SOCrib / — "--^^ 

2. What type pump la most often used for a hydraulic system- in engineer <^qulpment? ' 

' a. Positive diaphragm ' c. Positive disulacement gear 

b. Non -positive diaphragm . dft Non-posit'lve displacement gear 

3. What is the most important item of hydraulic system maintenance? 

a. Cleanliness " c. Cqntrpl of heat 

b. Proper pressure ^ d. Proper operation 

4.. What type fjuid is used in a hydraulic system that provides attachment power? 

a. Hydraulic brake fluid c. Transmission oil ' ^ 

b. Engine oil ^ d^ Any liquid ^ 

5; When does the vehicle air compressor govefrnor function and direct the air pressure to 
operate the unloading levej*? ^ 

' a. Before the air pressure in receiver reaches k preset PSI. 

b. After the air pressure in receiver-reaches a preset PSI. 

c. when atmospheric pressure Is greater than receiver pressure. 



6. Hydraulic oil pumps are rated according to volurne of ^iput in 

a. feef per e^ond. c. |^llon? per minute. 

b. gallons per second, d. gallons per hour 

* '* 

7. To direct fluids to the desired part of the hydraulic system a is needed, 

a. pressure relief valve c. directional control valve 

b. pressure control valve d. ram cylinder ■ ^ ^ ^ 
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8. What type air compressor is uaed to supply the airbrake systems of engineer eqinjVniMit 

a. Rotary ^ ^ c. Heavy-duty 

b. Reciprocating \ ' d. Air-cooled 

^9. What is the force that causes electric current to flow? ' V- 

a. Amperage . / > c. Voltage 



r. 



b. Resistance ^ J * Inductance - 

10. Current flowing through a conductor will produce 

a: heat and a magnetic field. ^ c. heat and resistance. 

'\ b. heat and electrical energy. d.' chemical energy j^ind a magnetic field. 

11. Which is NOT part of the charging circuit? 

.. . 

a. Generator ^ c. Conductor 

by Generator regulator d, Ohmme^er ^ 

.12. Which converts mechanltal 'energy into electrical energy? 

a. Battery :^* c. Start^ * 

b. Generator d. Begulatpr j 

13. 'Which three are required to 'm'ectianically produce an electric current? 

a. Generator, battery, and conductor 

b. Generator, magnetic fiel\l, ahd conductor 

c. Magnetic field, conductor, and l/rushes ^ s 

d. Magnetic field, conductor, and mpvement / 



14. What will NQJ affect generator output 



a. Size of battery 

b, Strength of magnetic field • ^ 
^ c. Speed of ari^ature 

^ ' d. Length of conductor passing through the magnetic field 

*^ 

15. What is the pwrfjQSfe of the generator regulator,? 

a. Control output and pjrotect the generatSV 

b. Control generator output __ ^ 

c. Protect the generator 

d. Control speed of generator ' ^ 

> 

16. What does an ammeter measure? 

a. Voltage c. Current flow 

b. Resistance d. Ohms 

17. What device converts electrical energy into mechanical energy? 

a. • Gcfherator c. Battery 

b. Cranking motor ^ d. Coil 

* 18. What is the purpose' of a starter solenoid? 

a. Close the electrical circuit and engage the starter drive asj^embly, 

b. Cloae^the chai^ging circuit and charge the battery, , 

c. Engage the starter drive assembly* 

d. ^Turn the engine and control thfe current flow. 
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19. To reduce the offecjb of rough terrain transmitted to the steering wheel, mechanical 
steering systems often employ a 

■ ^ ' \ " ^ 

a. rack and pinion. (\ " c. hydraulic shock absorber. 

<r b. worm and gear. : ) ^d, steering brake. 

» \ . .".J • . 

20. Some power steering systi^s use a double-acting hydraulic cylinder in place of part of 
the mechanical system. Where is this cylinder attached? ♦ 

a. To the steering gear assembly 

b. Between the steered wheels 

, c. Between the drag link and the tie rod 
d, between the frame -and the steering .linkage 

21. What supports the weight of vehicle tracks as they are pulled across the top? 

a. Sprocket * c. Rollers 

b. Idlers ' d. Drive chains 

22. When you operate in loo^e soil, why should the track chains be loosened? 

a. Better shock absorbing c. Prevent tracks from binding 

b. Assist soil build up in tracks d. Protect track rollers 



\ 



13. 29 

Isn 4; p. 3 



I 



Total Points: 22 
* * * * 



4 



H7 



1 

) 



/ ■ 



